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Centrifugal compressors are work absorbing machines in 

which the moving blades of the impeller suck in air in an 

axial direction and exhaust it into a vaneless diffuser at 

higher pressure, temperature and velocity. The flow at the 

exit of the impeller is highly non uniform formed by the 

complex interaction of numerous aerodynamic effect within 

and outside it. In moderate and high pressure compressors 

the vaneless diffuser is of very short length and is 

.followed by vaned diffuser. The diffuser converts the 

available kinetic energy at the exit of impeller into 

pressure energy and exhausts into exit system for down 

stream usage. Performance and aerodynamics wise impeller 

and diffusers are interdependent. In small compressors the 

volute casing follows the diffuser. The presence of volute 

casing crests circumfential pressure distortion within both 

the vaneless diffuser and the impeller. The poor quality of 

flow at the inlet of an impeller generated by spatial 

restrict.ious on the machine, causes performance degredat.i.on 

of the centrifugal compressor. In a centrifugal compressor 

the aerodynamics within its elements and their performance 

is greatly effected by the interaction between the rotating 

impeller and its various stationary elements. The present 

study attempted to explore feW of these interactions. 

Emphasis has been however given to the interval aerodynamic 



of vaneless and vaned diffusers and the influence of these 

on the flow at the exit of the impeller. 

For achieving these objectives, a centrifugal 

compressor rig was fabricated. Its compressor has a 

nineteen bladed radial tipped impeller with a matching 

inducer and a shroud casing. The impeller eye diameter is 

300 mm exit diameter is 508mm and the blade thickness at its 

tip is 34mm. It is powered by 15 KW AC induction motor by 

means of a V belt and pulley. It rotates at 3000rpm. 	The 

impeller sucks in air at the inlet and feeds to a 38mm wide 

parallel walled diffuser. The diameter ratio of diffuser is 

2.0. Both vaneless and vaned diffuser have been used in the 

present study. The vaned diffuser consisted of 18 composite 

profiled fibre glass vanes with initial part being 

logarthemic spiral and the later part beyond the throat 

being straight. The diffuser fed the air into an asymetric 

volute casing for being exhausted to the atmosphere through 

a delivery pipe which housed an orific meter and a cup and 

disc valve for flow metery and flow control respectively. 

In all nine configurations were tested by changing the inlet 

duct (3 geometries) with vaneless and vaned diffusers and 

four diffuser vane inlet angles (120, 16
o 

20
o  24°) in ) n the 

vaned diffuser. The impeller and the volute casing was not 

altered in the present study. 



The experimental programme was concerned with data 

collection in terms of velocity flow angle total and static 

pressure distributions from hub to shroud plane by 

traversing a 3 hole probe with the help of a traversing 

mechanism. The turbulence level has been measured with the 

help of DISA 55 D 01 constant temperature hot wire system 

using a DISA 44 P 11 probe. Static pressures on the hub 

shroud, shroud casing and diffuser vane surface were 

measured with the help of wall static taps. From this data 

pressure recovery and stagnation pressure loss both along 

the radius and with the flow rate has been calculated. 	The 

results have been mostly presented in a graphical form. 

Results depict that the shape of both the impeller and 

stage characteristics depends upon inlet volume and diffuser 

vane inlet angle. Stage static pressure rise depends upon 

the matching of diffuser vane inlet angle with the flow 

angle at the exit of the impeller. Stable operating range 

increases with decrease in inlet volume and decreases with 

increase in diffuser vane inlet angle. With Vaned diffusers 

the flow range is dependent on the inlet volume. \Aned 

diffusers showed improvement of the pressure rise not only 

in the diffuser but more significantly in the impeller also. 

Configurations with vaneless diffuser showed tendency of the 

back flow from impeller exit to impeller inlet which 

manifested as a pressure rise at the tip of the impeller 

inlet. These configurations also depicted separation within 

v i 



the impeller channels. Impeller exit flow showed non 

uinformity in all the configurations tested. 	The non— 

uniformity depended upon both the inlet volume and the 

diffuser vane inlet angle. Both vaneless and vaned diffuser 

showed existance of reverse flow zones at the impeller exit 

and in the diffuser. 

The reverse flow at the exit of diffuser was observed 

only in VLI configuration. The maximum pressure recovery in 

the diffuser was achieved in the confugration VD V. 	The 

mismatching was found to exist between the diffuser and 

other coomponents of the compressor configuration VD V which 

decreases its overall performance upto the exit of the 

configuration where VD 11 was observed to yield maximum 

stage static pressure coefficient +61 = 4-- • - \ -3 

vi i 



CONTENTS 

DISCRIPTION 	 PAGE 	NO 

CERTIFICATE 

ACKNOWLEDGEMENT 	 ii 

ABSTRACT 	 iv 

CONTENTS 	 viii 

NOMENCLATURE 	 xv 

CHAPTER-1 : INTRODUCTION 	 1 

1.1 Centrifugal Compressor Stage 	 2 

1.1.1 Inlet System 	 3 

1.1.2 Impeller 	 4 

1.1.3 Diffuser 	 5 

1.1.4 Casing 	 8 

1.2 Compressor Characteristics 	 8 

1.3 Flow Instability in a Centrifugal Compressor 	9 

1.4 Intra-componental Interaction in a Centrifugal 	11 
Compressor 

-1.'5 -Scope of the Present Work 	 13 

1.6 Outline of the Thesis 	 15 

CHAPTER-2: LITERATURE REVIEW 	 16 

2.1 Flow in the Inlet Duct 	 16 

2.2 Flow in the Impeller 	 18 

2.3 Flow in Diffuser 	 33 

2.3.1 Flow in Vaneless Diffusers 	 34 

2.3.1.1 Effect of geometrical parameters 	34 

2.3.1.1.1 Effect of inlet width to radius ratio 	35 

2.3.1.1.2 Effect of radius ratio 	 36 

viii 



2.3.1.1.3 Effect of the wall profile 	38 

2.3.1.2 Effect of Aerodynamic Parameters 	39 

2.3.1.3 Studies on parallel-wall vaneless diffusers 	41 

2.3.2 Flow Through a Vaned Diffuser 	43 

2.3.2.1 Effect of goemetrical parameters 	43 

2.3.2.1.1 Effect of vane geometry 	 43 

2.3.2.1.2 Effect of the number of vanes 	47 

2.3.2.2 Effect of aerodynamic parameters 	49 

2.4 UNEXPLORED AREAS 	 50 

2.5 AIM OF THE INVESTIGATION 	 52 

CHAPTER-3: EXPERIMENTAL FACILITY AND 
INSTRUMENTATION 	 53 

3.1 EXPERIMENTAL FACILITY 	 54 

3.1.1 Inlet System 	 54 

3.1.2 Impeller 	 55 

3.1.3 Diffuser 	 56 

3.1.3.1 Vaneless diffuser 	 56 

3.1.3.2 Vaned diffuser 	 56 

3.1.4 Exit System 	 57 

3.2 INSTRUMENTATION 	 58 

3.2.1 Wall Static Pressure Measurement 	59 

3.2.2 Instrumented Vane 	 60 

3.2.3. Pressure Probes 	 60 

3.2.4 Calibration of the 3-hole Probe 	61 

3.2.5 Hot Wire Anemometer Probe 	 63 

ix 



3.2.6 Calibration of the Hot Wire Probe 	66 

3.3 TRAVERSING MECHANISM 	 67 

3.3.1 Traversing Mechanism I 	 67 

3.3.2 Traversing Machanism II 	 67 

3.4 FLOW RATE MEASUREMENT 	 68 

3.5 MANOMETERS 	 70 

CHAPTER-4: EXPERIMENTAL PROGRAMME 	74 

4.1 PRELIMINARY EXPERIMENTATION 	 75 

4.2 EXPERIMENTAL PROCEDURE 	 77 

4.2.1 Assembling of the Configuration 	77 

4.2.2 Checking for Leaks and Alignment of 
Instrument Measuring System in the 
Configuration Under Test: 	 77 

4.2.3 Determining the Y Vs ct Characteristics, 
Of the Configuration 	 77 

4.2.4 Detailed Static Pressure Surveys and 
Travers of The 3-Hole Probe at Different 
Operating Conditions 	 78 

4.2.5 Detailed Hot Wire Probe Traverse 	79 

4.3 DATA PROCESSING 	 81 

4.4 SOURCES OF ERROR AND UNCERTAINTY 	82 

4.4.1 Sources of Error 	 83 

4.4.2 Uncertainty Analysis 	 85 

CHAPTER-5: PRESENTATION AND DISCCUSSION OF RESULTS 	87 

5.1 COMPRESSOR CHARACTERISTICS 	 87 

5.1.1 Characteristics of Configurations 	87 

5.1.1.1 Characteristics for the VLI Configuration 	89 

5.1.1.2 Characteristics for the VLII Configuration 	90 



5.1.1.3 Characteristics for the VLIII Configuration 	90 

5.1.1.4 Characteristics for the VDI Configuration 	91 

5.1.1.5 Characteristics for the VDII Configuration 	92 

5.1.1.6 Characterisitcs for the VDIII Configuration 	94 

5.1.1.7 Characteristics for the VDIV Configuration 	95 

5.1.1.8 Characteristics for the VDV Configuration 	96 

5.1.1.9 Characterisitcs for the VDVI Configuration 	96 

5.1.2 Comparison of the Characterisitcs 	97 

5.2 INLET CONDITIONS 	 100 

5.3 STATIC PRESSURE DISTRIBUTION ALONG THE SHROUD 	108 
CASING 

5.4 FLOW AT THE EXIT OF THE IMPELLER 	112 

5.4.1 Impeller Exhausting into the Vaneless Diffuser 114 

5.4.2 Impeller Exhausting into the Vaned Diffuser 	118 

5.5 FLOW IN DIFFUSERS 	 125 

5.5.1 Flow in the Vaneless Diffuser 	125 

5.5.1.1 Flow structure at RR = 1.1 	126 

5.5.1.2 Flow development in the vaneless diffuser 	130 

5.5.2 Flow in the Vaned Diffuser 	 136 

5.5.2.1 Flow variation in the vaned diffuser with 	137 
change in Inlet duct 

5.5.2.2 Flow in the vaned diffuser with varying 	141 
Diffuser vane inlet angle 

5.6 FLOW SEPARATION IN THE DIFFUSER 	145 

5.6.1 Vaneless Diffuser 	 146 

5.6.2. Vaned Diffusers 	 150 

5.7 TURBULENCE INTENSITY MEASUREMENT 	151 

5.8 DIFFUSER VANE SURFACE PRESSURE DISTRIBUTION 	155 

x i 



5.9 WALL SATATIC PRESSURE DISTRIBUTION 	159 

5.9.1 Wall Static Pressure Variation in the Vaneless 159 
Diffusers 

5.9.2 Wall Static Pressure Variation in the Vaned 	162 
Diffusers 

5.10 IMPELLER PERFORMANCE PARAMETERS 	166 

5.10.1 Slip Factor 	 166 

5.30.2 Work Done Factor 	 168 

5.11 BLOCKAGE FACTOR 	 170 

5.12 PERFORMANCE OF THE DIFFUSER 	 372 

5.12.1 Variation of CPR and N in Vaneless Diffuser 	173 

5.12.1.1 Variation with radius ratio 	173 

5.12.1.2 Variation with flow rate 	 174 

5.12.2 Performance of Vaned Diffuser 	175 

CHAPTER-6: CONCLUSIONS AND SUGGESTIONS 	182 

6.1 CONCLUSIONS 	 182 

6.2 SUGGESTIONS FOR FUTURE RESEARCH 	388 

REFERENCES 	 191 

FIGURES AND TABLES 	 209 

Figures 1.1 -- 1.9 	 209-217 

Figure 3.1 	 71 

Figures 3.2 - 3.14 	 219-231 

Figures 4.1 -. 4.2 	 232-233 

Figures 5.1 - 5.51 	 234-321 



TABLF. 

Table 3. 1 	 218 
Table 9. 1 	 322 
Table 4. 2 	 86 
Table 5. 1 	 180 
Table 5. 2 	 181 

PLATES 	 72-73 
'sates 1-3 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

