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用 N- S 方程计算三维叶栅流

北京航空航天大学　　季路成
* * 　周　盛

【摘要】　发展了基于微元中心有限体积方法, 采用雷诺平均 N- S 方程求解三维叶栅流动的程序,

特别注意了格式中人工粘性的加法 ;程序采用 Baldw in- Lomax 模型。格式经过平板层流及湍流流

动的校验, 层流与 Blasius 解、湍流与实验经验公式及 Wilcox 的计算值符合很好,最后以 Goldman

涡轮导向器为例进行了叶栅流动计算校核, 结果符合于实验以及 Chima 等人的计算。
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1　数值方法

　　控制方程为直角坐标系下参数表达、曲线坐标、守恒形式 N- S方程:

�Q / �t + �F / ��+ �G / ��+ �H / � = �Fv / ��+ �Gv / ��+ �H v/ � ( 1)

其中 Q= J
- 1

[!,!u,!v ,!w , E]
T
, F、G、H 为沿各方向输运通量项, Fv、Gv、H v 为沿各方向粘性

通量项。!、u、v、w、E 分别为密度、速度及内能。
在计算空间, 运动方程( 1)可以应用格林定理写成积分形式,并以有限体积公式离散。采用

中心差分格式,微元交接面的参数由直接平均相邻两微元中心的独立变量获得。格式固有的奇

偶振荡特性仍无法消除,而且为了抑制激波前后及驻点附近的参数振荡, 必须加入人工粘性。

人工粘性基本为 Jameson
[ 1]所用二阶与四阶混合耗散项。为使人工粘性对解的污染最小,将边

界处人工粘性置为零, 并且在内部将人工粘性处理为通量守恒形式。为尽可能减少人工粘性,

对人工粘性应用了 Sw anson
[ 2]
提出的特征值标度法。

方程( 1)由空间离散成为一常微分方程组 �Q / �t= - R ( Q )。对该方程组采用显式四步

Runge- Kut ta 格式积分至得到定常解,为节省计算时间, 物理和人工粘性项只在第一步计算,

以后保持不变。积分格式如下: Q
o
= Q

n
, Q

i
= Q

i- 1
+ ∀i△tR ( Q

i- 1
) , ∀i= 1/ ( 5- i ) , i= 1, 2, ⋯, 4,

Q
n+ 1

= Q
4
。采用了类似 Arnone

[ 3]
的当地时间步长及变系数残值光顺加速收敛技术。

2　算例校核

　　由于程序为三维的,因而比较时是在三维平板层流解任意横截面上与Blasius相似解进行

对比。计算网格有 45×39×19点,流动雷诺数为 9560,外流马赫数为 0. 5,马赫数选取最好高

于 0. 3, 否则程序收敛很慢,而且从对比可看出误差较大, 这也表明了格式用于不可压流的限

制。另外,校验的关键还在于近壁网格间距大小,太大则会使比较结果不理想,一般此间距要满

足 y
+ < 5。边界条件也是影响比较结果的关键。图 1给出了在平板前缘后 20%、40%、60%、

80%、95%板长处速度相似的情况,可见结果与 Blasius 相似解
[ 4]在沿流向各站都符合很好。



图 1　与平板层流相似解[ 4]的比较 图 2　平板湍流边界层计算与经验公式计算比较

为校核湍流模型应用的合理性, 本文以Boldw in- Lomax 模型计算了平板湍流流动。为了

进行对比,板长取为 1. 23 m ,计算域高为 0. 08 m, 基于板长及总参数的雷诺数为, 来流马赫数

为 0. 5,计算网格 60×62。图 2给出了在平板前缘后 20%、40%、60%、80%、95%板长处速度

型分布,其与 Vandrist
[ 4]
经验公式计算符合很好(图 1和 2中, ● x / c= 20% , � x / c= 40% ,□

x / c= 60%,▲ x / c= 95%;图 1中—为理论值,图 2中—为 Vandrist 经验公式) ,速度型的线性

粘性底层、过渡层、对数律层特征被很明显地捕获。图 3是本计算与Wilcox 公认计算的对比情

况,可见符合很好,从而验证了湍流模型应用的可靠性。

图 3　平板湍流计算与 Wilcox 计算的比较 图 4　导向器计算用三维网格

Goldman涡轮导向器在 1982年由 Goldman
[ 5]
等人进行了详细的激光测速,它已广为用作

图 5　Goldman 算例的残差收敛史

校验标准。该导向器环共有 36片叶片, 轮毂比均为 0. 85,

叶尖直径为 508 mm。本文计算设计工况, 此时出口轮毂静

压为 0. 67 倍的进口总压, 基于轴向弦长的雷诺数为

173000,通过该环形叶栅的设计等效流量为4. 828 kg/ s。计

算网格采用简单 H 型网格, 网格点数为 74×23×19, 栅向

最小网格间距为 5×10- 4倍栅距,展向最小网格间距为 1×

10- 3倍展长,网格三维图如图4所示。计算假定流动为完全

湍流流动。图 5为计算的收敛史,在大约 1500步以后,残差

不再下降而只是摆动, 此时结果可视为收敛。图 6给出了

根、中、尖三个展向位置的叶表压力分布情况与实验的对比

(图 6- 8中, — 计算,● Goldman 实验) ,在压力面计算与实验符合很好, 而在吸力面上,前后
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缘附近压力振荡与实验有一定偏差, 这主要是由于简单型 H 网格对于叶片前后缘描述的不完

善性及网格严重畸变造成的,预计采用C 型或O 型网格及采用法向动量方程求解壁面压力可

图 6　压力分布计算与实验比较

图 7　中展截面等马赫线 图 8　叶根截面流动迹线 图 9　子午向前缘前流动迹线

以使数值模拟涡轮叶栅更为精确。图 7为中展截面的等马赫线图,与 Chima[ 6]的计算符合很

好。图 8为叶根流动迹线图,图 9为子午面上前缘前的流动迹线图,从图上可以明显看出前缘

马蹄涡的卷起。
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performance of the atomizer w ith low er swirl ing st rength is bet ter than that of the atomizer

w ith higher sw irling strength near the atom izer ex it , but dow nstr eam the bo th atomizers pos-

sess same atomizat ion per formance.

Key Words　Atomizing　Measurements　Drop size　Fuel- nozzles

NUMERICAL SIMULATION FOR MATCHING DIFFUSER

WITH LINER IN A SMALL DIRECT- FLOW COMBUSTOR
Li Gaiqi and Yan Chuanjun

(Zhuzhou Aviation Power Institute, Zhuzhou　412002)

ABSTRACT　　　　N umerical simulation w as car ried out for inside and outside f low-

fields o f the liner in a small direct- flow combusto r w ith special st ructur al arrangement , nu-

merical tests of combusto r per formance w ere perfo rmed for matching o f different diffuser s

w ith the liner. T he progr am employs tw o- equat ions( K - #model ) to describe tur bulent char-

acter ist ics. T he combust ion following vaporizat ion was simulated by a tw o- step chemical r e-

act ion eombust ion model. A rrhenius- EBU model w as used to determine the react ion r ate,

and the air flow mass dist ribut ion w as taken as a br idge to link the inside and outside f low-

fields of the liner . The calculated results indicated that tw o st rong recirculat ion zones e-

merged when air flowed into combusto r annular cavity fr om predif fuser, the inside and out-

side flow fields w ere very unsymmetrical. The inclinat ion o f the predlif fuser w as an important

geometrical parameter for the combustor performance.

Key Words　Small turbine engines　Combust ion chambers　Numerical simulat ion　

Flow f ields

A STUDY ON EFFECTS OF ENVIRONMENTAL FACTORS

ON ALUMINUM OXIDE PARTICLE SIZES
Zhang Wei, Cao Taiyue, Wang Ningfei , Zhang Weihu, Zhu Hui
( 5th Dept. National University of Def ense Technology , Changsha　410073)

ABSTRACT　　　　On the basis of dif fusional combust ion model of metal combustion

and hetero geneous nucleation mechanism , the average part icle sizes of the pr oduct Al2O3 in a-

lum inum combust ion were calculated. The r esults show that the temperatur es on the combus-

tion surface and on the metal surface increase w ith enhancing pressure, and the average par ti-

cle size of the condensed product decreases as pressure increases. T he ef fect of the pressure

on the parameters is larger than that of the temperatures.

Key Words　Aluminium powder　Environmental factor s　Combustion products

CALCULATION OF 3D CASCADE FLOW

WITH N- S EQUATION
Ji Lucheng and Zhou Sheng

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

ABSTRACT　　　　A cell - centered finite vo lume method w as developed to solve

Renolds - aver aged Navier- Stokes equat ion w ith Jameson`s Runge- Kut ta scheme. In its
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pr ogramming special attention w as paid to the addit ion o f art ificial v isco sity, so that the solu-

tion could not be pol luted. Baldwin- Lomax T urbulence model is appl ied to pr ogramming .

The progr amm has been verif ied by plate laminar f low , plate turbulent flow and Go ldman

Turbine vane f low . Firstly , the calculat ion o f the plate laminar f low coincided w ith Blasius

sim ilarity so lut ion; Secondly, the r esult of the plate turbulent flow w as confirmed w el l w ith

empirical formula and the calculat ion of Wilco x; Finally, w ith respect to the Goldman turbine

vane flow f ield, the comparision w as made betw een calculated results and exper imental data

of pressure distr ibution over blade pr ofile. It indicated their consistency except f luctuat ions o f

the calculated r esults at leading and trail edge of v ane blade. T he source of the f luctuat ions

lied in simple H type grid w hich could not describe the t rue blade prof ile and caused so big

shear that the calculation scheme w as deteriorated. T he calculated M ach contour lines agreed

to the simulation results of China. All o f those indicated that the pro gramm suits to designing

sy stem o f turbomachinery.

Key Words　Cascade flow　T hr ee dimensional flow　Numerical computation

FRACTURE MECHANICS ANALYSIS

OF FATIGUE STRENGTH OF LAP- WELDED JOINTS
Ding Lei and Fan Yinhe

( 2nd Dept. Nanj ing University of Aeronautics and Astronautics, Nanj ing　210016)

ABSTRACT　　　　According to the elast ic fr actur e mechanics, a parameter of lap

st ress intensity K ∃was used to describe the fatigue st reng th of lap- welded jo ints. Various

inf luent ial facto rs o f the K ∃have been analysed by f inite element method. Therefore an empi-

rical fo rmula for K ∃was deduced. Fr om fat igue experiments of the lap- w elded joints speci-

mens made by tw o kinds of material ( GH150 and 1Cr18Ni9Ti) , two △K - N cur ves w ere ob-

tained. The fat igue life o f various complicated lap- w elded joints can be est imated more accu-

rately w ith the △K - N curves presented in this paper.

Key Words　Lap w elding　Fat igue strength　Linear elastic f racture mechanics

FAULT DIAGNOSIS OF ROTATING MACHINERY USING

BACK PROPAGATION NEURAL NETWORK
Liu Zhansheng, Wu Xinhua, Xia Songbo

( Power Engineering Dept. Harbin Institute of Technology , Harbin　150001)

ABSTRACT　　　　The faults o f rub betw een ro to r and stato r, misalignment test rig o f

the shaft ing, and unbalance of the ro to r are simulated at a compressor test rig. The no rmal

vibration signals of the rotor and the signals of the var ious emerg ing faults are registered and

sampled by an automat ic signal pro ceesso r. T hen a new- developed back propagat ion neural

netw ork is emplo yed to learn the fault diagnosis fr om the sampled faults and a new method

fo r accelerating the learning speed has been proposed in this paper.

Key Words　Ro to r　Neural netw orks　Fault diagnosis
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