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ABSTRACT 

Axial flow compressors have played a vital role in the 

development of high thrust, efficient propulsion systems 

both of civil as well as military aircrafts. Over the years 

there has been a steady increase ifl stage loading which has 

led to increase in pressure rise per stage resulting into a 

reduction in the number of stages re四ired to produce a high 

pressure ratio axial flow compressor. This demand for the 

development of high pressure ratio axial compressors has 

demanded a close scrutiny of the off-design problems such as 

rotating stall and surge. 

The occurrence of rotating stall and surge restricts 

the useful operating range of a compressor as significant 

deterioration in performance is encountered once rotating 

stall is manifested. The improvement in useful operating 

range of an axial compressor has therefore been a matter of 

great interest for the last two decades. The present work 

is aimed at examining the aerodynamic performance of a 

contra一rotating axial compressor stage so as to be able to 

assess its suitability for providing significant improvement 

in design and off-design performance of a compressor or a 

bypass fan stage. 

The experimental inves七igation in 七he presen七 work is 

carried out using a test compressor housing a pair of 

contra-rotating rotors having a hub-tip ratio of O.667 and a 

tip diameter of 4各6nun. Three sets of bladings are used in 

the present investigation, namely untwisted C-4 aerofoils 

for both the rotors、 twisted blades for a rotor一stator stage 



and twisted blades for a rotor-rotor contra-stage. 	The 

contra-rotation of a pair of rotors has been provided by two 

separate d.C. motors each controlled by a thyrister unit. 

The speed ratio of the two rotors could therefore be fixed 

at any desired value. 	The contra一stage with untwisted 

blades provides nearly axial discharge when operated at a 

speed ratio of O.66. The rotor-stator stage as well as the 

rotor-rotor contra-stage using twisted blades (as above) are 

both designed to produce the same design point performance 

and achieve swirl free (axial)discharge. 

The main objective of the experimental study is to 

study the aerodynamics as well as aeroacoustic performance 

of a contra一rotating compressor stage and compare it with a 

rotor-stator stage with a view to illustrate the performance 

improvement obtainable using a contra一stage. 

Tests have been carried out at different speed 

combinations of the two rotors. Further, three axial gaps 

between the two rotors have been examined to illustrate the 

trade-off between the aerodynamic and aeroacoustic 

performance as the axial gap is increased. Detailed flow 

structure 血easurements have been carried out using a pitot一 
yaw probe at three axial locations in the test compressor to 

illustrate the aerodynamic performance of a rotor-stator and 

rotor-rotor stage. The variation of relative total head 

loss across the blade span is obtained from these 

measurements for the two rotors. 	The efficiency of the 

rotor as well as of the stage is also estimated from the 

experimental results . 

" 



Sound pressure level measurements and spectrum analysis 

of sound si.gnals have been carried out. The measurements of 

SPL are obtained both for the far field as well as in-duct 

location for various operating conditions for both the 

rotor-stator and rotor-rotor (contra) stage・ 	These 

measurements illustrated the propagation of aerodynamic 

noise from a contra一stage . 

The study also includes the effects of a symmetric 

distortion screen on the performance of a contra一stage. The 

effects of casing treatment on stall margin and efficiency 

of a contra-stage are also examined for three different 

casing treatments . 

" 



52 

54-65 

4
 7 

5
 5 

58- 

CONTENTS 

CERTIFICATE 

ACKNOWLEDGE>ENTS 

ABSTRACT 

CONTENTS 

NOMENCLATURE 

CHAPTER-i Introduction 

CHAPTER-2 Review of Literature 

2.i 	Studies Related to Aerodynamic 
Performance of Single and multistage 
axial compressors 

2.2 	Factors affecting aerodynamic 
performance of an axial flow 
compressor 

2.3 	Theoretical Investigation of 
、ーン・ ．喝心 ，・くで二二：,-J ・よ‘ J 

compressor Instability 

2.4 	Inlet distortion effect in axial 
compressors 

2.5 	Casing treatment effect 

2.6 	Aerodynamic noise from axial 
co血pressor 

2.7 	Contra Rotating Axial Flow Fans, 
Compressors and Propellers 

2.8 	The present study 

CHAPTER-3 Test Rig Instrumentah and Measuring Techniques 

3.i 	Test Compressor 

3.2 	Locations of Traverse Stations 

3.3 	Locations of Acoustic Measurement 
Stations _ 

3.4 	Co叩ressor Builds with Inlet 
Distortion Screen 

3.5 	Compressor Builds with Casting 
Trea七ments 

l-10 

11一53 

11 

18 

26 

31 

8
 2 

3
 4 

48 

59 

59 

1V 



0
 1
 

 
6
 6 

62 

66一77 

6
 9 

6
  

6
 

71 

3 .6 	Instruinentat ion 	 60一62 

3.6.i 	Steady State Instruments 

3.6.2 	Dynamic Instruments 

3.7 	Measurement Techniques 

Experimental Investigation 

4.i 	Compressor Builds 

4.2 	Compressor Characteristics 

4.3 	Traverses of flow structure and 
Pressure Field 

4.4 	Aeroacoustic Investigation 

Experimental Results and Discussion 

5.1 	Compressor characteristics of a 
contra stage with untwisted 
blading (Blade Set-A) 

5.1.1 	Contra-stage Build; (R-R)A9 一 Close 
Axial Gap 

5.i.2 	Effect of Speed Ratio of contra一 
rotors on 七he performance of a 
contra一s七age 

5.i.2.i 	Close Axial Gap 

5.1.2.2 いrge Axial Gap 

5.1.3 	Effect of Axial Spacing between 
contra一rotors on the performance 
of a contra一stage 

5.1.3.i Contra-stage Builds (R-R)A9 and 
(R-R)A10 speed ratio unity 

5.1.3.2 Contra-stage Builds (R-R)A1O and 
(R-R)A12 speed ratio of i.5 

5.2 	Compressor characteristics with 
Twisted Blading,Blade Set B and C 

5.2.i 	Contra-stage Build (R-R)C2, speed 
ratio of un掌y、close axial gap case 

5.2.2 	Contra-stage Build (R-R)C3 Twisted 
Blade Set C,close gap speed ratio i.5 

5.2.3 	Contra-stage Build (R-R)Cl Twisted 
Blade Set C,close gap speed ratio 
of O.66 

CHAPTER- 4 

CRAPTER- 5 

76 

78-170 

78 

78 

80 

n

〕
 

つ」
 
 

ー
ゴ
 

8
  
8
  
8
 

83 

84 

85 

85 

88 

89 



5.2 .4 

5.2 .5 

5.2 .6 

5.2. 6. i 

5.2.6.2 

5.2. 6.3 

5.2.7 

5.2-7. i 

5.2-7.2 

5.2-7-3 

5.2 .7.4 

5. 3 

5.3-1 

5. 3-2 

5.3 .3 

5.4 

5.4 . 1 

5.4.1．ユ 

5.4 .i.2 

Rotor-stator Build (R-S)B1,Tw i sted 
Blade Set B, Close axial gap 

Comparison of contra-stage with 
a rotor-stator stage 

Effect of speed ratio of contra一 
rotors on the perfornance of a 
contra一stage 

Close Axial Gap 

Large Axial Gap 

Extra Large Gap 

Effect of Axial Spacing between 
contra-rotors,Twisted Blading; 
Blade Set C 

Speed Ratio of i.o 

Speed Ratio of i.5 

Speed Ratio of O.66 

Effect of Axial Spacing in a rotor- 
stator stage,Twisted Blade Set B 

Comparison of twisted and untwisted 
blading compressor stage 

Rotor-stator Build (R-S)Al and 
(R-S)B3 

Contra一stage Build having a speed 
combination of 1000一1000 rpm; 
(R-R)A9 and (R-R)C2 

Contra一stage Build having a speed 
combination of 1000-1500 印ln; 
(R-R)AlO and (R-R)C3 

Flow field measurements;Untwisted 
blading;Blade Set A 

Rotor-stator stage Build (R-S)Al 
Untwisted blading(Blade Set-A); 
close axial gap case 

Va：で iation of Flow and Pressure 
Quantities 

Radial Variation of relative total 
head loss coefficient and diffusion 
ratio and blade element efficiency 
for a rotor-stator stage 

vi 

go 

91 

92 

り
乙 

d
ュ  

に

J (D 
 

g 

 OJ 
 

O
〕 

q
」 

一b 

 O
U 

 O
レ  

OU 

 0」  

9 

loo 

101 

101 

101 

102 

102 

103 

103 

108 



Radial Variation of incidence、 
deviation and deflection angles 
across the annulus for a rotor- 
stator stage 

Rotor-rotor contra一stage Build 
(R-R)A9;Untwisted Blades 

Variation of Flow and Pressure 
Quantities 

Radial Variation of Relative Total 	113 
Head Loss、Efficiency and Diffusion 
ratio for contra-stage (R-R)A9 

Variation of incidence、deviation 	116 
and deflection angle 

Factors affecting the Flow Structure 	117 
and Pressure Variation across the 
Annulus,Untwisted blading (Blade Set-A> 

Effect of speed ratio 	 i 17 

Effect of axial spacing 	 119 

Flow structure and pressure field 	121 
in a contra一stage;Twisted Blading, 
Blade Set-C 

Effect of Speed Ratio 	 121 

Effect of Axial Spacing 	 123 

Comparison of Twisted and Untwisted 	129 
Blading Results 

Comparison of Flow Structure and 	131 
Pressure Field in a contra一stage 
Wi七h ro七or-stator stage 

Inlet Distortion Effects in a 	132 
contra-rotating axial con'pressor 
stage 

Effect of Inlet Distortion on 	132 
Aerodynamic Performance of a 
contra-stage;Untwisted Blading 
(Blade Set-A) 

Effect of Inlet.Distortion on 	133 
Aerodynamic Performance of a 
contra一stage;Twisted Blading 
(Blade Set一C) 

Inlet Distortion Effect on Flow 	136 
Structure and Pressure Field 

vii 

5,4 .i.3 

5,4.2 

5.4 .2 . i 

5. 4 .2.2 

5.4 .2.3 

5. 5 

5. 5. i 

5.5.2 

5. 6 

5. 6. i 

5. 6.2 

5-7 

5.8 

5.9 

5-9. i 

5.9.2 

5.9. 3 

i 09 

110 

110 



5.lo 	Effect of Casing Trea七ment on 
Aerodynamic performance of a 
contra一rotating Axial Compressor 
s七age・ 

5.lo.i 	Speed Combination 1500一000 rpm 

5.lo.2 	Speed Combination 1000一1000 rpm 

5.10.3 	Speed Combination 1000一1500 rpm 

5．・ lo・4 	Effect of Casing Treatment on Flow 
Structure and Pressure Field 

5.11 	Aeroacoustic Performanc色 of a contra- 
rotating Axial Compressor Stage 

5.11.1 	Aeroacoustic Performance of a contra一 
stage with Untwisted Blading;Blade 
Set-A;Stagger angle 45/45 

5.11.2 	Factors affecting the Aeroacoustic 
performance of a contra一stage; 
Untwisted Blading (Blade Set-A) 

5.11.2.i Effect of Pitch Chord Ratio 

5.11.2.2 Effect of Axial Gap between contra一 
ro七ors 

5.11.2.3 Effect of upstream Screen 

5.11.3 	Aeroacoustic Performance of a 
contra一stage 一 Twisted Blading; 
Close Axial Gap 

5.11.3.i Propagation of Aerodynamic Noise in 
a Compressor Duct 

5.11.3.2 Frequency analysis of Noise Signals 

5.11.4 	Aeroacoustic performance of a contra一 
stage 一 Twisted Blading;Large Axial 
Gap 

5.11.4.i Frequency Analysis of Noise Signals 

5.11.5 	Noise Signal a nalysis for a rotor一 
stator,Blade Set一 B 

CHAPTER-6 Conclusions and Future Work 

140 

140 

143 

145 

147 

150 

150 

153 

153 

155 

156 

157 

161 

i 62 

165 

i 67 

169 

171-177 

REFERENCES 	 178-195 
TABLES 
FIGURES 

v'il 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

