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对转涡轮特有叶型自动设计程序*
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作者曾为国家 “七五”攻关课题完成了一套涡轮叶栅自动设计程序[ 1]。在给定了叶栅进、

出气马赫数, 进气角与工质等熵指数后, 此程序就能自动选择其它设计参数并计算出良好叶

栅。但它是为常规涡轮叶型而编制的, 未包括对转涡轮所特有的进、出气向量均在轴向同一

边的叶栅 (见图 1下半, 本文简称为小折转叶栅)
[ 2]
。本文将此自动设计程序推广到对转涡轮,

叙述了相应的物理考虑与数学处理, 且给出多个算例。

1　对小折转叶栅的特别考虑

　　上述自动设计程序是用中心流线法解析解编制的。有关此法可详见文献 [ 3]。主要的设

计自变参量是相对栅距 t
-(以叶栅轴向宽度为分母) , 选定 (中心) 流线形状 y m ( Z) 及其上的

拉瓦尔数分布 �m ( Z)。对进气角绝对值小于 10°的小折转叶栅, 仍可沿用原有程序; 而当推广

应用到进气更偏离轴向的小折转叶栅时, 其主要改进如下:

相对栅距 t
-选取公式仍沿用原程序; 但为避免 t

-太大, 当进气角 �i< - 34°时, 公式中的 �i

即以- 34°代入, 亦即令 t
-< 1. 2。

由于小折转叶栅的安装角较大, 弦长比轴向宽度大得更多, 为使前、后缘厚度适当, 与

常规叶栅设计相比, 小折转叶栅设计程序中后额线处轴向流密比叶栅远下游处增大的倍值改

取较高值 (由原来的 1. 06改为1. 095) ; 而且令前、后缘不必修改再迭代的可用相对厚度值范

围取较大数, 以适应这种叶栅特点及变工况的要求。

为使展开出发的流线更处于流道当中, 使展开距离两边差不多远, 小折转叶栅设计程序

的选定流线由原来的中心流线改为离吸力面为 55%流道流量的流线。

对小折转叶栅, 展开出发的选定流线解析函数形式改用抛物线与等�′线[ 1]的加权组合, 以

前者为主。而选定流线上的速度分布则仍如常规叶栅那样选用误差曲线的左支 �m= ae
- n( z - 1)

2

+ b, 不过 n值由常规叶栅的 2改为 2. 5+ 0. 45�i / 。

2　程序功能及算例

　　按上述考虑, 已编成实用的叶栅自动设计程序, 对常规叶栅与小折转叶栅都能达到如文

献 [ 1] 所叙述的极快速的自动设计功能。用袖珍计算机 Sharp PC-1500计算所输出的一组典

型叶栅形状及其速度分布与拉瓦尔数等高线图可见图 1。这组叶栅的排气角度与拉瓦尔数均
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为- 70°与 0. 7, 但进气角 �i 各不相同。因为用小的袖珍计算机, 进、出气边的小圆半径均未

加上,否则画出后会更好看些。本程序的应用范围为马赫数与排气角绝对值各小于1. 3与75°,

基本上复盖了对转涡轮的所有范围。已试算过数百个算例, 工作可靠。

图 1　涡轮叶栅自动设计程序算例

另外, 从图 1可见, 其它参数相同, 进气角大小相等、符号相反的叶栅按此程序会得到

相似的良好速度分布, 也间接说明本程序配套选取各个自变设计参量的可行性与可靠性。
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established, w hich can be applied to the turbine blade of the advanced aer oeng ine.

A NEW WAY TO SOLVE STEADY CREEP PROBLEM

WITH FINITE ELEMENT METHOD
Mu Xiaying and Wang Jiwei

( Xi′an Jiaotong University )

ABSTRACT　　　　In this paper , a new w ay to so lve steady creep w ith finite element

method is presented fo r temperature-dependent material proper ties of symmetric body.

According to differ ent material propert ies, init ial st rain rate method and general tangential

st if feness method are pro vided. A comput ing prog ram is compiled. Some examples are

analy sed numerically to check its converg ency and applicability .

ON ENGINE PARAMETER ESTIMATION

WITH FLIGHT TEST DATA
Fan Siqi and Rong Xiangjun

(Northwestern Polytechnical Universtity )

Li Shuren and Xin Xiaowen

( Flight Test Research Institute)

ABSTRACT　　　　T his paper int roduces the par ameter est imation resear ch for the

turbine inlet temperature and compresso r ex it pressure by using the eng ine var iables

measured under the dif ferent f lig ht condit ions. T he parameter est imat ion method is mult iple

linear reg ression analy sis. T he independent variables in the regr ession equat ions have been

selected from six measured eng ine var iables based on the compr ehensiv e opt imal principle

about variable select ion. The reg ression models which have been established only include

thr ee measured engine variables. T he curves o f the par ameter est imat ion results show n in

this paper demonst rate that the est imat ion accuracies of these models are sat isfactor y. This

paper also pr esents the data t reatment methods of engine var iables recor ded on-line w ith

special equipment .

AN AERODYNAMIC DESIGN PROGRAM

FOR CONTRA- ROTATING TURBINE CASCADES
Cai Ruixian and He Yongmei

( Institute of Engineering Thermop hysics )

Wei Xinglu

( Beij ing University of Aeronaut ics and Astronaut ics)

ABSTRACT　　　　An ex tremely simple, rapid and universal turbine cascade design

pr ogram is developed for contr a-r otating turbine cascades. With its simplest oper at ing

condit ion, only four data are necessary to be input for obtaining the geometry of a good

enough cascade. T hey are just the input data for designing a cascade- the inlet M ach number

and f low ang le, the out let Mach number and the specif ic heat r atio o f w or king substance.

Therefo re, it means that the design can be accomplished w ithout any addit ional human
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decision. The pro gram is based on the M ean- Stream- Line M ethod. It is given in detail how

to select the independent design funct ions of this method in prog ramming. T his prog ram

enables to be oper ated w ith a very small computer , even a pocket computer such as the Shar p

PC-1500.

SPECIAL COLUMN:

LIGTH-WEIGHT GAS TURBINE
R & D OF LIGHT WEIGHT GAS TURBINE IN CHINA

Wang Zuhu and Li Huaiti

( China National Light-Weight Gas Turbine Development Centre)

ABSTRACT　　　　This paper int roduces the eng ineer ing-r esearch of aeroderivative

gas tur bines in recent ten years in aspects of such as generator modified; pow er turbine

research; alternat iv e-fuel combust ibility. T he advanced and applied researches aim at meet ing

the demands for indust rial and marine propulsion, such as pr olonged life, impr oved

performance, enhanced reliability and satisfacto ry variability.

COUSTICAL PROPERTIES OF SOUND ABSORBING STRUCTURES

AT HIGH TEMPERATURE
Liu Wei , Tang Daomin

(Design Institute of Xian Aero-Engine Corporation)

ABSTRACT　　　　The acoust ical propert ies of sound absorbing layers used in gas

turbine exhaust silencing component at high temper ature w ith temperature gr adient w ere

investig ated by analy sing the ef fect of temperature on the acoust ical proper ties of po rous

materials. Some experimental results are g iven and a good agreement is found betw een

theoret ical predict ion and measurements of acoust ical proper ties at various temperatures up

to 500℃.

PERFORMANCE IMPROVEMENT OF GAS TURBINE

WITH STEAM INJECTION
Qian Yansheng

(Wuxi Engine Research Inst itute)

Li Huaiti

( China Light Weight Gas Development Center )

ABSTRACT　　　　This paper descr ibes how to choo se and modify the WZ-5 gas

turbine fo r steam inject ion test ing and how to evaluate test ing par ameters and programmes.

Testing r esults indicate that w hen the steam is injected 3. 6t / h into the WZ-5 gas turbine, it s

pow er output and thermal ef ficiency increase 40% and 25% r espect ively . Mo reover, the steam

inject ion does not deteriorate the ex it temperature prof ile in the turbine, w hich ensures a long

term r eliabil ity of operation fo r the eng ine.

207No. 2 Abst ract s


