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ABSTELOT 

This thesis reports theoretical and experimental 

investigations of the flow in the volute casings of inward 

flow radial turbines. 

In theoretical investigations, the static pressure 

distribution along the radial direction for different angular 

positions of the volute has been predicted by one dimensional 

theory. Theory neglects the effect of radial velocity and 

acceleration. To predict the flow more accurately a two 

dimensional theory has been developed with the help of 

conformal transformation. It gives the absolute velocity 

distribution along the radial direction for any section of 

the volute. This theory also predicts the static pressure 

distribution along the curved wall. 

For experimental investigations, a test rig for 

testing a number of volutes was developed. It consisted of 

mainly an air supply unit, volute casing and the settling 

chamber. The exit of the volute casing was connected to the 

suction of a larger blower through a flexible joint which 

reduces vibrations from blower to the casing. A settling 

chamber was fitted at the inlet of the volute to obtain 

standardised flow. The centrifugal blower was driven by a 

30 K.W., A.C. motor. 

Each volute had two parts. One part had the curved 

wall of the desired dimensions and geometry and other part was 
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a plain plank having streamline body at the centre to make 

the flow streamlined in the volute. One of the volutes was 

fitted with 12 uncambered blades to see the effect of nozzles 

on upstream flow. 

Experiments were conducted on each of the five volutes 

and all the experiments were performed at the design point 

velocity of 11 m/s at volute inlet. A 3.hole probe was used to 

measure the flow angle, static pressure and total pressure along 

the radial direction and around the volute at different axial 

points. Wall static pressure along radial and along the curved 

wall were measured with the help of wall tappings. 

Different flow parameters like flow angle, angular 

momentum, absolute velocity, tangential velocity, radial 

velocity, static pressure and total pressure distribution along 

the radial direction at different angular positions of the 

volute were plotted with and without settling chamber. All the 

above said parameters were also plotted around the volute at 

different points along the span. Effect of tongue positions 

and nozzles on loss coefficient were also reported in some 

of the graphs. Variation of loss coefficient with inlet 

velocity and area ratio were plotted. 

Comparison of theoretical predictions with 

experimental results show good correspondence. 

Experimental results suggest that a volute without 

nozzle blades can safely be used where weight and cost is 

of prime importance. 



( v) 

CONTENTS  

PAGE 

CERTIFICATE 	 (i) 

ACKNOWLEDGEMENTS 	 (ii) 

ABSTRACT 	 (iii) 

NOMENCLATURE 	 (xii) 

CHAPTER 1 INTRODUCTION 	 1 

1.1. Definition and Purpose of Casing 	1 

1.2. 	Classification of Volute Casings 	2 

1.3. Parameters Defining the Volute Performance 3 

1.4. 	Secondary Flow in Volutes 	 5 

1.5. 	Need for Flow Investigations in the 
Volute Casing of Inward Flow Radial 
Turbine 	 6 

1.6. 	Aims of the Present Investigation 	9 

1.7. 	Scope of Thesis 	 12 

CHAPTER 2 REVIEW OF THE LITERATURE 	 13 

2.1. Methods for Designing the Volutes 	13 

2.1.1. Constant Angular Momentum Method 	13 

2.1.2. Principle of Uniform Discharge Distri- 
bution around the Volute 	 20 

2.1.3. According to Velocity Distribution 
around the Volute 	 21 

2.1.4. Design of volute with Secondary Flow 
and Boundary Layers 	 22 

2.1.5. A Method that takes into Account Wall 
Friction, a Free Vortex Flow Pattern 
and Compressibility 	 25 



(vi) 

2.1.6. Design Method for Volute Casing of 
Gas Turbine 	 27 

2.2. 	Theoretical Investigations in Volute 	32 

2.3. 	Experimental Investigations in Volute 	34 

2.3.1. Flow angle, Velocity Distribution and 
Pressure  D istribution 	34 

2.3.2. Losses in Volutes 	42 

2.3.3. Re-entry Effects 	45 

2.3.4. Effect of W,ape and Size of Volutes 	47 

2.4. 	Comparison of Nozzle Types 	50 

2.5. 	Investigations in Inward Flow Radial 
Turbines 	 51 

2.6. 	Unexplored Areas and Present Wrork 	6o 

CHAPTER 3 THEORETICAL ANALYSIS 	 62 

3.1. 	One Dimensional Theory 	63 

3.1.1. Angular Momentum :Istribution along 
the Radial Direction 	63 

3.1.2. Static Pressure Distribution along 
the Radial Direction 	65 

3.2. 	Two Dimen sionoth eory 	66 

3.2.1. Static Rressure Distribution along the 
curved Wa1.1 	 72 

3.2.2. Velocity Distribution in the Radial 
Direction for Different Angular 
Positions, Q 	 73 

3.3. 	Solution of Equation 	74 



CHAPTER 4 EXPERIMENTAL SET-UP AND INSTRUMENTATION 

4.1. 	Experimental Set Lp 

4.1.1. 	General 

4.1.2. 	Design and Manufacture of 	Various 
Volutes 

(vii) 

76 

76 

76 

77 

4.1.3. Design and Fabrication of Settling 
Chamber 8a 

Nozzle Blades 83 

14.2. InstIumentation 84 

4.2,1. General 84 

4.2.2. 3-hole Probe (Cobra Probe) 85 

4.2.3. Traversing _Mechanism 86 

4.2.4. Pressure Tappings 86 

4,2.5. Manometers 87 

4.2.6. Calibration of Probe 87 

4.2.7. Measurement of Flow Rate 89 

4.2.8. ilow Visualisation by Tufts 89 

4.2.9. The Accuracy 90 

4.2.9.1.Accuracy of i)imensions of Volutes 90  

4.2.9.2.Accuracy of Measurements 91 

CHAPTER 5 EXPERIMENTATION AND DATA REDUCTION 92 

5.1. Preliminary Investigations 92 

5.2. Test programmes in Various Volutes 91+ 
5.3. Testing of Volutes and its Purpose 96 

5.4. Data Reduction 102 



5.4.1. Calculation of Volume Flow Rate 	102 

5.4.2. Calculation of Different Flow 
.karameters 	 102 

5.4.2.1.Flow Angle,ck 	 102 
5.4.2.2.Absolute Velocity, C 	103 

5.4.2.3.Tangential Velocity Component, C9 	103 
5.4.2.4.Radial Velocity Component, Cr 	104' 

5.1+.2. 5. Angular Momentum, r. co 	104 

5.4.2.6.Static Pressure, PST 	104 

5.4.2.7.Total Pressure, PT 	104 

5.4.3. Mass Flow Weighted Average Quantities 105 
5.4.3.1.MaSs Flow weighted Average Flow Angle 105 

5.4.3.2.Mass Flow weighted Average Velocity 	106 

5.4.3.3.Mass Flow weighted Average Pressure 	107 

5.4.3.4.Total Pressure Loss Coefficient 	108 

CHAPTER 6 DISCUSSION OF RESULTS 	 110 

6.1. 	Volute, V-1 

6.1.1. Distribution of Flow Parameters along 
the Radial Direction 	110 

6.1.1.1.Flow Angle 	 110 

6.1.1.2.Angular Momentum 	113 

6.1.1.3.Absolute Velocity 	 116 

6.1.1.4.Tangential velocity 	118 

6.1.1.5.Radial Velocity 	 120 

6.1.1.6.Static Pressure 	 123 

6.1.1.7.Total Pressure 	 126 



6.1.3. Static 2ressure Distribution along 
the Curved Wall 	 143 

6.1.4. Static pressure variation on Rear wall 145 

6.1.5. Effect of .settling Chamber on Velocity 
Distribution at Volute Inlet 	146 

6.1.6. Effect of Settling Chamber and Nozzle 
Blades on Volute Performance 	147 

6.1.6.1.Flow Angle 	 148 
6.1 .6.2.Angular Momentum 	 149 

6.1.6.3.Tangential Velocity 	 151 

6 .1 .6.4.Radial Velocity 	 153 

6.1.6 5.Static Pressure 	 154 

6.1.7. Stagnation Pressure Loss Coefficient 	155 

6.2. 	Volute, V-2 

6.2.1. Distribution of Flow Parameters along 
the Circumference of Tolute Exit 	156 

6.2.1.1.Flow Angle 	 156 

6.2.1.2.Absolute Velocity, 	 157 
6.2.2. Stagnation Pressure Loss Coefficient 	157 
6.3. 	Volute, V_3 
6.3.1. Distribution of Flow Parameters along 

the Circumference of Volute Exit 	158 

6.3.1.1.Flow Angle 	 158 

6.3.1.2.Absolute Velocity 	 158 

6.3.2. Stagnation Pressure Loss Coefficient 	158 

6.4. 	Volute, V-I+ 

6.4.1. Distribution of Flow Parameters along 
the Radial Direction 	 159 

6.4.1.1 ..low Angle 	 160 



(x) 

6.4.1.2.Angular Momentum 	161 

6.4.1.3.Absolute Velocity 	163 

6.4.1.4.Tangential Velocity 	 164 

6.4.1.5.Radial Velocity 	166 

6.4.1.6.Statio Pressure 	.167 

6.4.1.7.Tota1 Pressure 	 169 

6.4.2. Static Pressure Distribution along 
the Carved Wall 	170 

6.4.3. Variation of Mass Averaged lalues of 
Parameters with Inlet Velocity 	171 

6.4.3.1.Variation of Flow Angle with Inlet 
Velocity 	 172 

6.4.3.2.Variation of Absolute Velocity with 
InletValocity 	173 

6.4.3.3.Variation of stagnation Pressure Loss 
Coefficient with Inlet Velocity 	174 

6.4.4. Effect of Tongue Positions on stagna- 
tion Pressure Loss Coefficient 	175 

6.5. 	volute, v-5 

6.5.1. Distribution of Flow Parameters along 
the Radial Direction 	176 

6.5.1.1.Flow Angle 	 176 

6.5.1.2.Angular Momentum 	178 

6.5.1.3.Absolute Velocity 	179 

6.5.1.4.Tangential Velocity 	181 

6.5.1.5.Radial Velocity 	182 

6.5.1.6.Static Pressure 	184 

6.5.1.7.Total Pressure 	 184 



6.5.2. Static kressure Distribution Along 
the Curved all 186 

6.5.3. Variation of Stagnation liessure loss 
Coefficient with Inlet Velocity 	187 

6.6. 	Comparison of Flow Behaviour in 
liarious Volutes 	 187 

6.6.1. Flow Angle 	 187 

6.6.2. Angular Momentum 	 188 

6.6.3. Absolute Velocity 	 188 

6.6.4. Tangential Velocity 	 188 

6.6.5. Radial Velocity 	 189 

6.6.6. Static Pressure 	 189 

6.6.7. Total Pressure 	 189 

6.6.8. Static Pressure Distribution Along 
the Curved Wall 	 189 

CH.APTER 7 CONCLUSIONS AND SUGGESTIONS FOR FURTHER 401A 	191 

7.1. 	Conclusions 	 191 

7.2. 	Suggestions for further Work. 

References 	 195 

Appendix 1 	 203 

Appendix 2 	 204 

Appendix 3 	 205 

BIOGRAPHICAL SKETCH 


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

