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分散式叶型梳状五孔针—全台压气机

级间参数测量新方案

西北工业大学　　林其勋　史春英　潘庚森

作者首次提出分散式叶型梳状五孔针作为全台压气机转子后级间参数测量的新方案, 并进

行了实验论证。结果表明其静态特性光滑圆整明显优于球形五孔针而动态频响可提高七倍。

1. 问题的提出　获取各级基元性能是全台压气机新机试验的关键。这对验证三元流设计并

作实验修正起重要作用。常规使用沿径提升单点五孔针的办法[ 1] , 球头直径约可小到 2mm , 支

杆迎风宽度 1. 5mm, 但进一步减小的潜力有限。全台压气机级间轴向间隙很小, 不允许像单级

试验时那样加以拉大, 那会改变性能。故探针必须置于 (或部分置于) 静叶槽道中。高推比的

高压压气机均为小叶高大稠度, 故球头及支杆的堵塞很可观。在测叶尖及叶根时, 探针还有临

壁效应 [ 2]。各级都用位移机构还使机构庞杂试验费时。新试验机一般振动大耗时长不利于保护试

验机。球形五孔针作动态测量时因无法消除容腔, 故频响很低。这说明有必要另辟途径。

图 1　探针体的影响

2. 分散式叶型梳状五孔针　分散式叶型梳状五孔针是五个

孔分散在五个叶片同一半径上, 再沿径向按等环面布置若干同型

测孔, 就由五个叶片组成了梳状五孔针。每一分散式五孔针的五

个测孔测的完全是同一叶高的参数, 这在高压转子后特别适用。

五孔针的尺寸缩成一根针管直径, 即只为球头的 1/ 3, 从而迎风

面积降为 1/ 9, 堵塞与临壁效应大为减小。在气流有偏角时, 探

针体对测孔测得值的影响减弱 (见图 1) , 因此校准特性得到改善。图 2例示某分散式五孔针

图 2　分散式五孔针的角度特性 图 3　球形五孔针的角度特性

本文于 1990年 7月收到。



第一次吹风所得的角度特性, 其中 K � = ( p 3 - p 1 ) /〔( p 2 - p 1) + ( p 2 - p 3 )〕, K � = ( p 5 -

p 4 ) /〔( p 2 - p 4 ) + ( p 2 - p 5)〕。图 3则是某球形五孔针经几次试吹修制后在同一速度系数下吹

风所得的角度特性。可见分散式特性要光滑圆整得多。图 4、图 5是分散式的总压、速度特性。

图 4中 K o = ( p 2 - p
* ) /〔p 2 - ( p 1 + p 3 + p 4 + p 5) / 4〕, K p = ( p 1 - p 3) /〔p 2 - ( p 1 + p 3 + p 4

+ p 5) / 4〕,图 5中  5 = ( 1/ 2)!v 2/ ( p 2 - p 5 ) 。

采用分散式, 固态传感器就可贴口安装。对于 1、3、4、5型孔, 只剩下一个三角形小容腔,

见图 6。经激波管实校, 其频响高达 30KHz, 为一般球形针的 7倍。

图 4　分散式五孔针的总压特性 图 5　分散式五孔针的速度特性

分散式的缺点是五个孔虽位于同一半径, 但不位于同一点, 因此需要假定紧挨的五个静

图 6　分散式的容腔与频响 ( 1. 容腔; 2. 传感器) 图 7　用分散式五孔针测取的转子后流场

叶区进口流场为轴对称的。不过用球形五孔针时也是假定一定扇形区中流场是轴对称的。图7例

示用分散式五孔针在我校单级转子后测得的三元流场。实现分散式技术关键是安装定位、校准、

数据处理技术、制造工艺。限于篇幅在此不一一赘述。
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Fang Jinyan, Yan Chuanjun and Wang Hongji ( Northwestern Poly technical University)

ABSTRACT　　　　An appro ach, know n as Edg e Tracking Metho d, has been developed

in part icular, w hich searches o ut the o uter edg e and the central spo t edge of the coherent im ag e

of a part icle. The pr ocessing pr ocedure of the digital images and its progr am have been w o rked

out in detail. Finally, the outer size and the central size a part icle im ag e are determ ined by

means of the presented technique, then the part icle size and its posit ion ar e calculated by means

of the Three-Dimensional Judg ement T echnique. T he results obtained are reaso nable.

A DISTRIBUTED FIVE-HOLE PROBE RAKE ON STATOR BLADES

FOR ROTOR EXIT MEASUREMENT OFA COMPRESSOR
Lin Qixun, Shi Chunying, Pan Gengsen ( Northwestern Polytechnial University)

ABSTRACT　　　　Each tube of fiv e-holes probe w ill be placed at the sam e radius o n f ive

dif ferent blades of stator. The diameter of the probe and the w all prox im ity effect are

decr eased. The dist ributed f ive-ho le probe rake has been verif ied ex perimentally. It s dy namical

fr equency response is enhanced seven t imes. Its characterist ics are im pro ved. The parameter

measurement of each ro to r exit in a mult istage compressor becom es pract icable.

EFFECTS OF ASPECT RATIO ON CASCADE PERFORMANCES
Li Ly and Yan Ruqun ( Norhwestern Polytechnical University )

ABSTRACT　　　　An ex perimental research of compresso r cascade per for mances has

been co mpleted in the condit io ns o f varing aspect rat ios ( AR) . T he results show that AR has

a sig nif icant inf luence on cascade losses, pressure rat io s and blade loads. Furthermo re, the

co rrelations of cascade perfo rmance parameter s w ith AR, cascade g eo metr ic and aero dynamic

param eters ar e deriv ed. T he comparativ e analysis betw een the calculated results and the

exper im ental data show that the correlat io n reveals the rules o f variat io n of cascade

perform ance parameters w ith the aspect rat io.

EFFECT OF ABRUPT INLET DISTORTION ON ENGINE STABILITY

Wang Xiaofeng ( Chinese Fl ight Test Extablishment)

Wang Naixing ( Northwestern Polytechnical University )

ABSTRACT　　　　The unsteady response of a co mpr essor to abrupt chang e of inlet

tem perature has been calculated by num er ical integrat ion w ith the “actuato r-volume”and the

seco nd order delay m odels. The calculated results are compared w ith flig ht test data

fav our ably . T he unsteady response of the com pressor to abrupt change of inlet pressure ( or

co mbined with inlet tem perature) has also been calculated in the sam e manner. T he calculated

results show that the ef fects o f the abr upt inlet pressure o n compresso r stability cannot be

ignored.
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