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二级入轨载机小涵道比涡扇发动机探讨

沈阳航空发动机研究所　　杨开田
* *

【摘要】　对五种涡轮发动机的概念研究表明: 小涵道比涡扇发动机与冲压发动机组合, 适于用作

二级入轨载机的动力装置。
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1　五种涡轮发动机方案的比较

　　在 Ma= 3. 5～4以下采用涡轮发动机有明显的优点。为此我们对空气涡轮火箭 ( ATR)、

火箭风扇 ( RF)、叶尖涡轮方案 ( TT F)、氢膨胀涡轮 ( TSHE) 和涡扇 ( T F) 五种方案进行

了分析比较。为使比较公平合理, 各方案的性能、尺寸和重量计算全部采用相同的方法和标

准。

性能计算: 全部烧氢燃料, 地面设计点空气流量全取 300kg/ s, 风扇压比全取 3. 2。尺寸

和重量计算采用同一方法 (重量计算误差大多在±5%以内) , 而且对相同部件均选用相同材

料, 风扇和压气机全用钛合金, 其余部件全部选用合金钢。计算重量时均不计入外部管路和

附件重量。另外, 风扇叶尖切线速度 (对叶尖涡轮方案则为涡轮叶尖速度) 也基本相同, 以

使风扇盘所受拉应力水平相同。

表 1和图 1、2给出了部分计算结果和三种发动机沿轨迹 B的计算结果。由表1可见, 叶

图 1　推力随 Ma的变化 图 2　比冲随 Ma的变化

尖涡轮方案重量最重 (因风扇盘所受的拉应力比其它方案大好几倍) , 比冲最低, 既使提高涡

轮前温度, 比冲最多只能达到 20kN·s/ kg 左右, 没有竟争力。火箭风扇方案推重比最高, 比

冲最低, 因燃气从风扇叶片内部流过, 受材料限制不能提高燃气温度 (现为 922K) , 只能在

高速飞行时靠发动机对液氢换热的加强减少液氧消耗。因此提高比冲有限, 所以只适于加速
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型的飞行器。例如, 高超音速拦截机, 不适于用作二级入轨载机的动力装置。涡扇与氢膨胀

涡轮方案在推力、比冲、重量方面基本相当, 相差无几。还可发现, 涡扇方案的推重比比反

旋 AT R低 27% , 但比冲高 127%。

表 1　五种方案地面设计点性能比较

参　　数 符号 单位 反旋 AT R 氢膨胀涡轮 叶尖涡轮 火箭风扇 涡　扇 涡扇Ⅰ

空气流量 Ga kg /s 300 300 300 300 300 300

涵 道 比 G
-
a 0. 000 5. 000 0. 000 0. 000 1. 083 0. 28

风扇压比 � f 3. 2 3. 2 3. 2 3. 2 3. 2 4. 0

高压压比 � hp 2. 6 2. 81 2. 25

涡轮前温度 T03 K 1262. 2
300 ( HP)

1040 (L P)
922 922 1800 1800

涡轮进口压力 p 03 MPa 2. 229
2. 736 ( HP)

0. 843 (L P)
4. 413 4. 413 0. 870 0. 871

高压涡轮落压比 � th 3. 15 1. 41 1. 32

低压涡轮落压比 � tL 4. 423 2. 27 10. 5 1. 84 1. 57

加力温度 T06 K 2610. 7 2520. 1 2207. 7 2261. 2 2450 2450

燃料流量 Gf kg /s 19. 49 8. 732 37. 58 37. 58 8. 736 8. 716

加力推力 R kN 372. 0 379. 6 411. 9 418. 1 378. 5 429. 3

比　　冲 I s kN·s / kg 19. 09 43. 47 10. 96 11. 12 43. 32 49. 26

单位推力 Rsp kN·s / kg 1. 24 1. 26 1. 37 1. 39 1. 262 1. 43

发动机总重 W e kg 1975. 4 2791. 1 3819. 3 1515. 9 2787. 6 2787. 6

推 重 比 �E 21. 4 13. 9 11. 0 28. 1 13. 8 15. 7

由图 1、2可见, 当 Ma< 4, 氢膨胀涡轮方案的推力比涡扇低 10% ( 29. 4kN) 到 34. 7%

( 98. 1kN )。当 Ma≤2. 2, 两方案比冲相差不超过 2. 6% ( 1. 569kN·s/ kg )。当 Ma> 2. 2, 氢

膨胀涡轮方案的比冲随 Ma 下降的幅度比涡扇大。当 Ma = 3 时, 比冲比涡扇低 22. 8%

( 5. 884kN·s/ kg )。从性能和重量全面衡量, 涡扇比氢膨胀涡轮好。

涡扇与 AT R相比, 当Ma< 4, 比冲比 AT R高 60%～110%; 当 Ma≤3. 25, 推力比 AT R

高, 最多高出16. 9% ( 63. 7kN) ; 当 Ma> 3. 25, 推力比AT R低, 而且 Ma越大低得越多。从

性能来看, 在 Ma= 3. 25以下, 涡扇优于 AT R。

经过 5种循环方案的比较, 我们认为, ATR 发动机因比冲低, 推重比高, 更适于单级入

轨或加速型飞行器。而对于涡轮工况只用在 Ma= 3. 5以下的二级入轨载机的组合发动机来

说, 比冲更加重要。虽然涡扇的推重比比 AT R低 27% , 但比冲比 ATR 高一倍以上。按平均

比冲估算, 由于比冲的提高, 从起飞到冲压接力点, 涡扇可比 AT R节约燃料30t左右, 比冲

带来的好处远远大于推重比降低 27%的不利影响。而且涡扇的推力在 Ma= 3. 25以下也优于

AT R, 所以涡扇比A TR更适于与冲压发动机组合用作二级入轨载机的动力装置。

为检查涡扇发动机能否完全满足载机的性能要求, 我们重新选择了涡扇的循环参数 (见

表 1最末一列) , 进行了性能计算。
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2　涡扇发动机性能

　　性能计算结果见图 3、4。计算使用的调节规律是等风扇物理转速、等涡轮前温度和变喷

口喉道面积, 并取非设计点加力温度为 2500K。由于高 Ma飞行时完全膨胀的喷口面积太大。

图 3　沿轨迹 A 推力和阻力随 Ma的变化 图 4　沿轨迹 A 比冲随 Ma的变化

而喷口出口面积的选取牵涉到发动机的布局和飞机/发动机一体化设计问题, 一时定不下来,

所以暂时按以下喷口面积计算推力: 当 Ma≤1. 0, 按完全膨胀计算推力; 当 Ma> 1. 0, 按简

单收敛可调喷口计算推力, 再考虑引射喷口的推力增益回收推力 15%。另外, 为避免低空超

音速飞行对居民的干扰和提高比冲, 在 Ma= 0. 9以下和高度9km 以下不使用加力状态, 而使

用最大状态工作。图 3给出发动机沿轨迹 A 飞行时推力和单台发动机需承担的飞机阻力随

Ma的变化。由图 3可见, 在 Ma< 3. 5时, 剩余推力处处大于 68. 65kN, 如载机装 6台发动

机总剩余推力可大于 411. 88kN, 能满足剩余推力要求。图 4给出比冲随 Ma的变化。由图 4

可见, 当 Ma≤3. 5, 比冲都大于 31. 63kN·s/ kg; 在 Ma≤0. 9时, 比冲都大于 73. 55kN·s/

kg, 比冲都比较高, 从性能上说, 小涵道比涡扇发动机能满足二级入轨载机的性能要求。
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NUMERICAL ANALYSIS

OF 3-D TURBULENT FLOWS IN 90°BENDS
Xi Guang, Shang Hong, Wang Shangjin ( Xian Jiaotong University )

ABSTRACT　　　　T he 3-D turbulent f low s in 90°bends w ith dif ferent cro ss-sect ions

have been analy zed with incom pressible, time-averaged N- S equat ion. The capability o f k-

 turbulence m odel for predict ing the f low f ield w ith very st rong curvature has been verified

by the pipe bend ( R c/ D= 0. 87) experimental data made by the author s. Calculat ions o f 3-D

flow f ield in a 90°duct bend and a 90°pipe bend are pr esented. The results show that , before

occurrence of the low velocity ar ea formed mainly by the interchange of secondary f low s near

the inner w all, the mean velocity f ield predicted by the k- turbulence m odel is pro ved in rea-

sonably good agreement w ith the experimental data even though the curvature o f bends is

very st rong . But as soon as the above-mentioned low velocity area appear s, the predict ion ac-

curacy of the k- turbulence model g reatly drops dow n.

APPLICATION OF SUBMERGED VORTEX GENERATORS
FOR SEPARATION CONTROL OF A SUBSONIC DIFFUSER

Chen Xiao and Jing Ping ( Nanj ing Aeronaut ical Institute)

ABSTRACT　　　　T he effects of the main geometrical parameters of the subm er ged

vor tex gener ato rs on the dif fuser performance are analysed. A combinat ion of coro tat ing and

counter -rotating votex gener ator s w as used in the study . In the center part o f the channel,

fo ur pair s of counter-rotat ing vo rtex generators w ere used to eliminate the f low separ at ion.

At the tw o corners, tw o co rotating vortex generator blades and one pair of counter -ro ataing

blades w er e used respect ively to improve the three-dim ensional separ at ion flow f ields in these

co rner regions. The experimental r esults show that the stat ic pressur e recovery coef f icient CP

is enhanced remarkably and the total pressure loss is also r educed, if the geometrical param e-

ters and the lo cat ion of the vo rtex gener ator s are selected properly . A compar at ive study be-

tw een the subm er ged vo rtex gener ator s of concave shape and the convent ional vane-type vor-

tex generato rs is also pr esented. Bo th o f them have almost the sam e ef f iciency fo r separation

control , but the parasit ic drag o f the fo rmer is less due to it s subm er gence in the boundary

layer; and it is convenient for practical application because its distance to the separat ion start-

ing point on the diverging w al l of the gener ato r is much shorter.

TURBOFAN WITH A SMALL BYPASS RATIO

FOR FIRST STAGE OF A TWO- STAGE TO- ORBIT VEHICLE
Yang Kaitian ( Shenyang Aeroengine Research Inst itute)

ABSTRACT　　　　As turbomachinary is superior to r ocket and r amjet at low er flig ht

speed, a computat ional analy sis o f five so rts o f hydrogen-fueled turbomachinar y, i. e. AT R

eng ine, r ocket fan, tip turbine fan, tw o-spool hydrogen expander engine and turbofan has

been accomplished. T he r esults show that the turbofan w ith small bypass rat io is superior to

the others in the perfo rmance at f light M ach number below 3. 5. After cho ice of bet ter cycle

param eters, further perfo rmance calculation of the turbofan has been carried out . T he total

residual thrust of six eng ines is shown to be mo re than 411. 88kN at f light Mach number be-

low 3. 5. It is indicated that the specif ic impulse of the engine is more than 31. 63kN·s/ kg at

fl ig ht mach number below 3. 5 and 73. 55kN·s/ kg at flig ht M ach number below 0. 9 respec-

tiv ely . T his type of turbofan combined w ith a ramjet is pr oved to be suitable for a powerplant
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in the first stage of a tw o-stag e to-orbit vehicle.

EFFECT OF THERMODYNAMIC PARAMETERS

ON PERFORMANCE AND COST OF TURBINE ENGINE
Wang Rugen ( Air Force Col lege of Engineering)

ABSTRACT　　　　A method for estim at ing life cycle cost of aircraf t turbine engine

manufactured in China is pro vided on the basis of a stat ist ic technolo gy and a def init io n of life

cy cle cost r at io has been used. Changes in thrust , specif ic fuel consumption and life cycle cost

have been calculated w hen therm odynam ic parameters ( !*
k , T

*
3 and T

*
af ) and mean t ime be-

tw een overhauls of the engine increase. It w as found that there w as a marked g row th of the

eng ine thrust w hen T
*
3 increased, but life cy cle cost r at io of the eng ine should, to o, quickly

gr ow . In or der to m ake the g row th of life cycle cost ratio acceptable fo r the A ir For ce, mean

t ime betw een overhauls and total operat ion t im e o f the engine must be lengthened. And a

overhigh pressure rat io of the compresser of ten makes the thrust drop dow n and life cycle

co st r at io grow up.

RESEARCH ON AIRCRAFT LIFE CYCLE COST REDUCTION
Wang Rugen ( Air Force Col lege of Engineering)

ABSTRACT　　　　On the basis of cost data collected f rom factor ies and the Air

Fo rce, the variat ion of life cy cle co st is analyzed for the f ighter s in which one of four kinds o f

eng ine is installed respectively . It has been found that there should be a marked drop in the

aircraf t life cycle cost , if the suitable fund is allocated to increasing reliability, decreasing spe-

cif ic fuel consum pt ion and lengthening t ime betw een tw o over hauls of the aircraf t eng ine.

RESEARCH ON ALTITUDE SIMULATION OF STARTING

FOR A SINGLE- SPOOL SMALL TURBOJET
Zhu Qing ( Aerospace Ministry )

ABSTRACT　　　　A ltitude sim ulat ion ignit ion tests o f a sing le-spool small turbojet

start ing w ere completed at an alt itude test rig. Some conclusions f rom the test data analysis

have been draw n. It is very useful to supply secondary oxygen jet fo r high-alt itude ignition

and start ing . The use of high ener gy igniter im proves ignit ion and start ing perfo rmance and

reduces start ing t im e. Fuel flow m ust be matched w ith air flow dur ing the high-alt itude start-

ing . The fuel f low must be controlled by the rotat ional v elo city of the r otor to lim it tempera-

ture t
*
4 and to avoid hang-up during the star ting.

A DESIGN OF A ROTATING PROBE FOUR-AXIS

TRAVERSE MECHANISM
Zhang Hong, Jiang Haokang, Xiao Ling, Xing Shuchu

( Beij ing University of Aeronaut ics and Astronaut ics)

ABSTRACT　　　　A mechanism fully contro lled by computer and stepping mo to r can

move a probe in four axes ( Null, Radial , Tangent ial and Ax ial ) for com plet ing flow m easur e-

ment inside the rotor passage o f the turbomachine during r otation. T he m echanism can also

move the probe for flow measurement inside the stato r passage as a f ix ed one. T he technical

characterist ics, principle of operat ion, const ruction design and running balance of the m echa-

nism are discussed in detail .
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