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防冰层对螺旋桨性能的影响

北航螺旋桨研究发展中心　　张霭琨

一、前　　言

　　目前国产飞机螺旋桨的电加热防冰层是加在理论外形表面, 它局部地改变了桨叶的气动

外形 (图1)。据资料介绍 ( AGARE CP-366 1985年) 这种形式的防冰层使翼型的最小阻力系

数 ( CDm in) 提高 50% , 而使螺旋桨效率降低 1～3%。国外有些螺旋桨已使用不破坏桨叶气

动外形的电加热防冰层。

某型螺旋桨模型在风洞试验时, 首先对未模拟防冰层的螺旋桨 (以下简称光桨) 进行试

验, 桨叶角从 25°至 42. 5°每改变 2. 5°测一次参数。然后对有模拟防冰层的螺旋桨 (以下简称

防冰桨) 在典型桨叶角进行测量。即接近起飞爬升状态的小桨叶角 27. 5°和接近巡航状态的大

桨角 40°。

二、数 据 整 理

　　表 1为小桨叶角风洞试验时测得的性能参数。表中 J 为进距比; CP 为功率系数; CT 为拉

力系数; �为效率; ��= �o- �i 为效率增量。符号下标加 “o”为光桨, 下标加 “i”为防冰桨。

表 2为大桨叶角风洞试验数据。

表 1　小桨叶角 (  = 27. 5°) 性能对照表

序　号 J CT o CTi CPo C Pi �o �i � �= �o- �i

1 0 0. 224 0. 224 0. 230 0. 229 0 0 0

3 0. 2 0. 219 0. 225 0. 221 0. 223 0. 198 0. 202 - 0. 004

5 0. 4 0. 202 0. 208 0. 200 0. 204 0. 402 0. 408 - 0. 004

7 0. 6 0. 174 0. 173 0. 169 0. 173 0. 617 0. 599 0. 018

9 0. 8 0. 128 0. 132 0. 136 0. 143 0. 755 0. 735 0. 020

11 1. 0 0. 070 0. 059 0. 089 0. 083 0. 789 0. 706 0. 083

表 1、2和图 2已表明了防冰层局部地破坏了桨叶的气动外形后对螺旋桨性能的影响。但

为了更准确地进行分析, 两种桨必须在同一使用条件, 即在相同的进距比和功率系数条件下

进行对比。以防冰层桨为基础, 用线性插值法求出光桨对应的拉力系数, 计算效率及效率增

量。其结果列在表 3和表 4。

图 2为有、无防冰层对螺旋桨效率影响随进距比变化曲线, J- ��曲线。图 3为在同一工

作状态有、无防冰层效率增量随进距比的变化, J- ��曲线。



图 1　气动外型 图 2　螺旋桨效率影响随进距比变化曲线

图 3　有、无防冰层效率增量随进距比的变化

表 2　大桨叶角 (  = 40°) 性能对照表

序　号 J C To C Ti CPo CP i �o �i � �= �o- �i

1 0 0. 238 0. 237 0. 406 0. 404 0 0 0

3 0. 2 0. 255 0. 252 0. 449 0. 445 0. 113 0. 113 0. 000

5 0. 4 0. 258 0. 256 0. 463 0. 459 0. 223 0. 223 0. 000

7 0. 6 0. 249 0. 247 0. 447 0. 455 0. 333 0. 334 - 0. 001

9 0. 8 0. 233 0. 241 0. 416 0. 422 0. 447 0. 455 - 0. 008

11 1. 0 0. 218 0. 221 0. 384 0. 383 0. 567 0. 578 - 0. 011

13 1. 2 0. 200 0. 201 0. 342 0. 343 0. 702 0. 704 - 0. 002

15 1. 4 0. 159 0. 159 0. 280 0. 283 0. 793 0. 785 0. 008

17 1. 6 0. 113 0. 108 0. 215 0. 211 0. 843 0. 820 0. 023

19 1. 8 0. 056 0. 055 0. 123 0. 125 0. 814 0. 800 0. 014
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表 3　小桨叶角性能对照表

序　号 J CP CT o CT i �o �i ��

1 0 0. 229 0. 2238 0. 224 0 0 0

3 0. 2 0. 223 0. 2195 0. 225 0. 197 0. 202 - 0. 005

5 0. 4 0. 204 0. 2033 0. 208 0. 399 0. 408 - 0. 009

7 0. 6 0. 173 0. 1759 0. 173 0. 610 0. 599 0. 011

9 0. 8 0. 143 0. 1330 0. 132 0. 744 0. 735 0. 009

11 1. 0 0. 083 0. 0647 0. 059 0. 780 0. 706 0. 074

表 4　大桨叶角性能对照表

序　号 J CP CT o CT i �o �i ��

1 0 0. 404 0. 2379 0. 237 0 0 0

3 0. 2 0. 445 0. 2544 0. 252 0. 114 0. 113 0. 001

5 0. 4 0. 459 0. 2572 0. 256 0. 224 0. 223 0. 001

7 0. 6 0. 445 0. 2484 0. 247 0. 335 0. 334 0. 001

9 0. 8 0. 422 0. 2350 0. 241 0. 445 0. 445 0

11 1. 0 0. 383 0. 2177 0. 221 0. 568 0. 578 - 0. 010

13 1. 2 0. 343 0. 2002 0. 201 0. 700 0. 704 - 0. 004

15 1. 4 0. 283 0. 1614 0. 159 0. 798 0. 785 0. 013

17 1. 6 0. 211 0. 1113 0. 108 0. 844 0. 820 0. 024

19 1. 8 0. 125 0. 0572 0. 055 0. 824 0. 800 0. 024

二、结　　论

　　观察图 3可以看到以下规律:大桨叶角, 小进距比( J < 0. 5)时增加防冰层对效率没

有影响。大桨叶角,中进距比( 0. 5< J < 1. 3)和小桨叶角,小进距比( J< 0. 5) ,防冰桨效率高于

光桨效率,最大增量为- 1%。大桨叶角, 大进距比( J > 1. 3)和小桨叶角,中进距比( J> 0. 5) ,

防冰层桨效率将明显下降。最大增量接近 4%。增加防冰层后虽然只在某些工作状态使螺旋桨

效率降低。但这些状态却是螺旋桨经常使用的范围内。如运七飞机在爬升时螺旋桨进距比 J =

0. 618, 功率系数 CP= 0. 1898, 光桨桨叶角  = 28. 79°, 从图可推测加防冰层后效率将降低～

1. 5%。巡航时 J= 1. 6130, CP= 0. 2213,  = 40. 41°,效率将降低～3%。最终的结论是,加在理

论外形上的电加热防冰层局部地破坏了螺旋桨的气动外形,螺旋桨在实际使用范围内效率将

降低(最大 4% )。消除电加热防冰层对气动外形的破坏可以提高螺旋桨的效率。

(责任编辑　魏星禄)　　
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EXPERIMENTAL MODAL ANALYSIS OF PROPELLER BLADES
Li Qihan, Chen Zhiying, Zhang Dalin ( APRDC, BUAA)

ABSTRACT　　　　The v ibrat ion characteristics of propeller blades have been investi-
gated by using experimental modal analysis technique. T he emphasis o f the investig ation is
put on the effects of dif ferent joint condit ions of blade ro ot ends and mount ing w ays of blades
on the nature f requencies and modes of propeller blade v ibrat ion. From the contrast analysis
of the results it is concluded that in order to understand and analy ze the dynamic characteris-
tics of propeller blades precisely, the calculat ions and experiments of coupling dynam ic char-
acter ist ics of blade-hub-shaf t of propeller assembly should be completed fo r simulat ing the
joint and mount ing condit ions betw een propeller and engine pr act ically .

VIBRATION CHARACTERISTIC ANALYSIS
OF A PROPELLOR BLADE

Kong Ruil ian and Wang Yanrong ( APRDC, BUAA)
ABSTRACT　　　　The subspace iterat ion method and Jacobi′s method are used to

so lve the eigenvalue problem fo r the vibr at ion of a propeller blade, in w hich the super-
parametric quadrat ic thick shell element w ith eight nodes and for ty degrees of f reedom is
used to g overn the mot ion equat ion, considering the effects of shear tr ansver se deformation
on the accur acy. The f requencies and vibration modes calculated by the prog ram w ritten by
authors are in quite g ood ag reement w ith the experimental results, and they can be used to
judge whether the resonance occur s in the operat ion of the propeller, considering the effects
of aerodynam ic for ce excitat ion only .

A METHOD OF RELIABILITY ANALYSIS
FOR PROPELLER BLADES

Fu Huimin and Gao Zhentong ( APRDC, BUAA)
ABSTRACT　　　　A distr ibution function of tw o-dimensional threshold is g iv en for

fat igue crack propagat ion. A tw o-dimensional st ress-threshold interference model is set up.
The model is applicable to the reliability analysis and design o f infinite life for pr opeller
blades or o ther st ructur al members w ith init ial defects and accident damage. T he functional
co rrelation betw een the reliability of no crack g row th and the init ial crack sizes is obtained
fr om the model and the max imum permissible cr ack sizes can be determined acco rding to a
given r eliabil ity level. In considerat ion of the fact , that the longer the service t ime, the g reater
the probability of accident damage, the overhaul per iods o f propeller blades w ith high reliabil-
ity are also g iven.

EFFECT OF ANTIICER ON PROPELLER PERFORMANCE
ZhangAikun ( APRDC, BUAA)

ABSTRACT　　　　Comparat ive experiments of a pr opeller w ith and w ithout the anti-
icer have been completed in a w ind tunnel. The analysis o f the experimental data show s that
the ef fect of the ant icer depends on the advance rat io ( J) and the blade ang le (  ) . First, the
ant iicer has no effect on the performance o f the propeller w hen the blade angle is big enough
and the advance r atio is small (  = 40°, J< 0. 5) . Second, the eff iciency of the propeller w ith
ant iicer incr eases w hen the blade angle is big enough and the J is moderate (  = 40°, 0. 5< J
< 1. 3) or the blade angle is smaller and the J also smal l (  = 27. 5°, J< 0. 5) . T hird, the at-
tached antiicer r educes eff f iciency at the big blade angle w ith a lar ge advance rat io (  = 40°, J
> 1. 3) o r at a smaller angle w ith a moderate rat io (  = 27. 5°, J> 0. 5) . In fact , w hen aircraft
is f lying , it s propeller is almost running at the third condition. When the airarft takes of f
( J= 0. 618,  = 28. 79°) , the ant iicer r educes the pr opeller ef ficiency by 1. 5 percent , and by
3 percent w hen the plane cruises ( J= 1. 6130,  = 40. 41°) .
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