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扰动波对轴流压气机旋转失速的影响
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【摘要】　提出了考虑轴流压气机进出口气流角和非定常损失变化的二维旋转失速稳定性模型,进

行了数值分析和讨论。计算结果表明压气机前方的扰动波对压气机旋转失速稳定性有一定的影

响, 压气机本身的结构形式以及压气机上、下游结构对扰动波的传播速率有重要影响。
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1　轴流压气机二维旋转失速稳定性模型

　　试验研究表明
[ 1, 2]

, 在压气机失速之前, 压气机的前方存在一定幅值的旋转波, 即失速前兆

波。本文在文献[ 3]的基础上给出了考虑轴流压气机进出口气流角和非定常损失的二维旋转失

速稳定性模型,并进行了数值分析和讨论。

压气机流动可以简化为 3部分: 进口管道流动、内部流动和出口管道流动。

基本假设: ( 1)用压气机叶片排进出口总、静压升关系和损失关系来模拟压气机的压升特

性; ( 2)进口流场均匀、出口管道流场有旋; ( 3)高轮毂比压气机,内部流动可以看成二维流动;

( 4)考虑压气机叶片槽道内流体惯性产生的滞后,气流的粘性效应以惯性参数对压气机准稳态

的一阶动态修正来描述; ( 5)考虑压气机进出口气流角和非定常损失的变化。据此可得描述轴

流压气机二维气动稳定性的数学模型。其压气机级压升特性、压气机进出口管道压力扰动的解

析表达式和压气机静子及转子非定常损失分别为( 1- 3)式:
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　　轴流压气机二维气动稳定性模型的特征方程为: ( A - snB ) �x-= 0
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n为扰动波的波数, ∀为压气机气流角, !为无量纲轴向速度, L 为压气机损失的大小, #为压气
机转子的惯性参数, %为压气机级的惯性参数,  表示压气机的总、静压升系数。下标“1”和“2”
表示压气机进、出口参数,上标“- ”表示准稳态参数, (1、(2 和 )是参数组合量。

2　计算结果与分析

　　文献[ 3]定义了描述轴流压气机扰动传播特性的参数 R ,本文将旋转失速团的传播参数定

义为 (= R / ( 2/ �n�+ %) ,对于本模型来说, ( 的大小反映了扰动传播的快慢。
考虑了 4种压气机模型在不稳定边界对应的扰动波数与传播参数的相互关系。模型 1:理

想的 IGV 进口导叶,气流流过 IGV 时不存在损失,经过 IGV 后气流角不改变,即 �∀1 / �!= 0;

模型 2: 压气机出口高稠度,压气机出口气流角不随压气机进口气流角改变,即 �∀2 / �∀1= 0; 模

型 3: 理想的 IGV 进口导叶和压气机出口叶片高稠度,即 �∀1 / �!= 0和 �∀2/ �∀1= 0;模型 4:压气

机进出口气流角的改变完全与轴向扰动的发展相联系。

图 1　扰动波数对传播参数的影响

图 1为上述 4种压气机模型 4对应的扰动波

的波数与扰动传播参数的相互关系。从图中可以

看出,随着扰动波数的增加, 扰动的传播参数越

大,这说明压气机的旋转失速波的周向传播速率

越快,这与文献[ 1, 2]的试验结果一致。在同一扰

动波数情况下,第 4种情况的传播参数最大,即压

气机失速波的周向传播速率最快。其次为第 2种

情况, 即压气机高的出口稠度使得压气机出口气

流角几乎不随进口气流角改变,这相当于保留压

气机进口气流角随时间的改变,而保持压气机出

口的约束条件, 传播参数最小的压气机模型为理

想的 IGV 情况。这说明压气机本身的结构形式以

及压气机上、下游结构对扰动波的传播速率有重

要影响。压气机上游 IGV 对扰动波的传播以及对后排叶片的激振力影响最为明显。

压气机前方的扰动波对压气机旋转失速稳定性有一定的影响,扰动波数越大则传播参数

越大;压气机本身的结构形式以及压气机上、下游结构对扰动波的传播速率有重要影响。
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EFFECTS OF DISTURBANCE WAVES ON

ROTATING STALL STABILITY OF AXIAL COMPRESSOR
Cao Renj ing

( Institute of Energy and Enviromental Science, Shantou University , Shantou　515063)

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

ABSTRACT　　　　A 2- D rotat ing stall stability model considering the inlet and out-

let flow angles and unsteady lo ss of ax ial flow compressor w as proposed, fo r w hich numerical

analy sis has been conducted. T he calculated results show that the disturbance w aves at the

upstream of compressor have influence on the ro tat ing stall stability . T he conf igurat ion of the

compr essor produces a st rong impact on the propagation speed of the distr ubance w aves.
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AN INVESTIGATION ON FLOW BEHAVIOUR

IN AN S- SHAPED DUCT
Ma Handong and Wang Yiyun

(Beij ing Institute of Aerodynamics, Beij ing　100074)

ABSTRACT　　　　A new ef ficient f inite- dif ference scheme for so lving turbulence K

- ∗equat ions- Turbulence U - scheme has been developed. T his method w as combined w ith

the solv er of Nav ier- Stokes discreted by a modif ied Beam- Warming scheme to invest ig ate

thr ee- dimensional tur bulent inter nal flow in S- shaped duct . Many numerical experiments

and pract ical applicat ions show that this method pro vides detailed f low field and parameter s

fo r engineering design. As a special ex ample, a numerical simulat ion has been completed for

an S- shaped duct including separat ion, secondary f low , vort ices etc. The compar ison of it s

results w ith the flow pat ter ns in the circular sect ion s- shaped duct show s a good agreement

in essence.

Key Words　Numer ical simulation　Air inlets　Flow characteristics

IDENTIFICATION OF GEAR TRANSMISSION

SYSTEM WITH A ROTOR
ON DYNAMIC NATURAL CHARACTERISTIC

Shao Renping, Shen Yunwen, Liu Geng
( 7th Dep t. Northwestern Polytechnical University , Xi'an　710072)

Xu Min
(Chinese Helicopter Research and Development Institute, Jingdezhen　333001)

ABSTRACT　　　　A gear tr ansmission system with a helicopter ro to r w as experimen-

tally invest igated and on- line ident if ied during its operat ion, and the r esults w er e compared

w ith its theoret ical analysis. It is found that the gear t ransmission system w ith a rotor differ s

fr om other g ear tr ansmission system by such natural characteristics, that it s dynamic charac-

teristics change w ith it 's ro tat ional speed. It ' s chang ing law has also been obtained, which

pr ovides basis for the dynam ic modeling analysis and the dynamic design o f the system and

an effect iv e analy tical approach of the gear tr ansm ission sy stem .

Key Words　Gears　Rotor w ings　Dynam ic propert ies
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