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Abstract
A diffuser is a device for converting the kinetic energy of an incoming fluid into pressure efficiently. As the flow proceeds through the diffuser there is continuous retardation of the flow resulting in conversion of kinetic energy into pressure energy. Such a process is termed as diffusion.  Diffuser forms an important part in flow machinery and structures. 

The present study involves the CFD analysis of effect of hub velocity on annular diffuser performance using Fluent and also the prediction of effect of swirl on the flow separation. Swirling flows are very common in technical applications, especially in hydraulic machinery, and require sophisticated modeling. The variation in parameters i.e. Axial Velocity, Swirl Velocity and Pressure Co-efficient, in the flow through annular diffuser studied along the various sections of the diffuser and also at various hub rotation speeds for a diffuser of constant length and Area Ratio. The velocity and pressure variations are calculated for different hub rotations. The various values of hub RPM studied are 200, 800, 1600, and 3200. The results are present in the form of velocity and pressure coefficient diagrams along with the pressure coefficient and velocity contours. The pressure recovery coefficient at hub and casing side has also been worked out. For casing wall angle 
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 there is no separation observed at the casing wall for no swirl condition. With further increase in angle there is a separation observed at the hub wall. A high amount of swirl is required to suppress the separation on the hub wall for hub wall angle of
[image: image3.wmf]o

12

.
CONTENTS

Candidate’s Declaration
.





i

Acknowledgement







ii

Abstract 








iii

Contents








iv

Lists of Figures







vii

Nomenclature








viii

1. 
INTRODUCTION






         1-12 

1.1 
Axial Diffuser







2

1.2
Radial Diffuser






3
1.3 
Curved Wall Diffuser






3

1.4
Annular Diffuser






3

1.5
Principle of Diffuser Design





4
1.6 
Diffuser Performance Parameters




5

1.6.1
Geometric Parameter





5

1.6.2
Aerodynamic Blockage




6
1.6.3
Reynolds number





7
1.6.4
Inlet Mach number





7
1.6.5
Inlet Turbulence intensity




7
1.6.6
Effect of Compressibility




7
1.6.7
Effect of Compressibility on Wall Design
    
           8
1.7
Design Performance Parameters




8
1.7.1
Static Pressure Recovery Coefficient



8
1.7.2
Diffuser Effectiveness





9
1.7.3
Total Pressure Loss Coefficient



9
                         1.7.4
Ideal Pressure Recovery                                                         10
1.8
Swirling Flow







10
1.8.1
Physics of Swirling and Rotating Flows


10
1.8.2
Method of swirl generation




11
1.9
Motivation






 
11
2. 
LITERATURE REVIEW





         13-22
2.1
Effect of Geometric Parameters




15
2.1.1
Passage Divergence and Length



16
2.1.2
Wall Contouring





17
2.2
Effects of Flow Parameters





17
2.2.1
Aerodynamic Blockage




17
2.2.2
Inlet Swirl






18
2.2.3
Inlet Turbulence





19
2.2.4
Mach number Influence




20
2.2.5
Reynolds Number Influence




21
2.2.6
Boundary Layer Parameter




21
                   2.2.7
Blowing and Injection                                                           22  
3.
CFD ANALYSIS






        23-30
3.1
Why Use CFD for analysis





23

3.2        Program Capabilities               




24


3.3
Planning CFD Analysis





25

3.3.1
Definition of the Modeling Goals



25
3.3.2
Grid Generation and its Independence


25
3.3.3
Choice of the Computational Model



25

3.3.4
Choice of Physical Models




26
3.3.5
Determination of the Solution Procedure


26
3.4
Discretization of partial equations




26

3.5
Convergence Criteria






27

3.6
Simulation Procedure






27

3.7
FLUENT Applications





28

4.
FLOW FIELD NUMERICAL MODELLING
    
                     31-41
4.1
Conservation principles





31

4.1.1
The Mass Conservation Equation



31
4.1.2
Momentum Conservation Equations



32

4.2
Turbulence Modelling






33

4.2.1
Choosing a Turbulence Model



33

4.2.2
FLUENT Turbulence models




34

4.3
The Standard, RNG, and Realizable k- ε Models


34

4.3.1
The Standard k-ε Model




35

4.3.2
Transport Equations for the Standard k-ε Model

35

4.3.3
Modeling the Turbulent Viscosity



36

4.3.4
The Model Constants





36

4.3.5
The RNG k-ε Model 





36

4.3.6
Transport Equations for the RNG k-ε Model


37

4.3.7
The Realizable k-ε Model




38

4.3.8
Turbulence Modeling in Swirling Flows


38

4.3.9
Modeling Axisymmetric Flows with Swirl or Rotation
39
                        4.3.10
Modeling the Turbulent Viscosity                                          39

                        4.3.11
Model Constants                                                                      40

                        4.3.12
Turbulence Modeling in Swirling Flows                                 40

                        4.3.13
Modeling Axisymmetric Flows with Swirl or Rotation          41
5
RESULT AND DISCUSSION



      
         42-44
6 RECOMMENDATIONS FOR FUTURE WORK



45


REFERENCES



FIGURES





APPENDIX
 









 LIST OF FIGURES: 

List of Colour Maps of Pressure and Velocity 

Fig 1-2 Swirl Angle =
[image: image4.wmf]o

0

, 200-800 rpm                                                                      49
Fig 3-4 Swirl Angle =
[image: image5.wmf]o

0

, 1600-3200 rpm                                                                  50

Fig 5-6 Swirl Angle =
[image: image6.wmf]o

12

, 200-800 rpm                                                                     51

Fig 7-8 Swirl Angle =
[image: image7.wmf]o

12

, 1600-3200 rpm                                                                 52

Fig 9-10 Swirl Angle =
[image: image8.wmf]o

17

, 200-800 rpm                                                                   53

Fig 11-12 Swirl Angle =
[image: image9.wmf]o

17

, 1600-3200 rpm                                                             54

Contours of Velocity Magnitude (m/s)

Fig 13-14 Swirl Angle =
[image: image10.wmf]o

0

, 200-800 rpm                                                                   55

Fig 15-16 Swirl Angle =
[image: image11.wmf]o

0

, 1600-3200 rpm                                                               56

Fig 17-18 Swirl Angle =
[image: image12.wmf]o

12

, 200-800 rpm                                                                  57

Fig 19-20 Swirl Angle =
[image: image13.wmf]o

12

, 1600-3200 rpm                                                              58

Fig 21-22 Swirl Angle =
[image: image14.wmf]o

17

, 200-800 rpm                                                                  59

Fig 23-24 Swirl Angle =
[image: image15.wmf]o

17

, 1600-3200 rpm                                                              60

Graphs of velocity Distribution at Various Sections
Fig 25 Swirl Angle =
[image: image16.wmf]o

0

, 200 rpm                                                                                61

Fig 26 Swirl Angle =
[image: image17.wmf]o

0

, 200 rpm                                                                                62

Fig 27 Swirl Angle =
[image: image18.wmf]o

0

, 200 rpm                                                                                63

Fig 28 Swirl Angle =
[image: image19.wmf]o

0

, 200 rpm                                                                                64

Fig 29 Swirl Angle =
[image: image20.wmf]o

0

, 800 rpm                                                                                65

Fig 30 Swirl Angle =
[image: image21.wmf]o

0

, 800 rpm                                                                                66

Fig 31 Swirl Angle =
[image: image22.wmf]o

0

, 800 rpm                                                                                67

Fig 32 Swirl Angle =
[image: image23.wmf]o

0

, 800 rpm                                                                                68

Fig 33 Swirl Angle =
[image: image24.wmf]o

12

, 200 rpm                                                                               69

Fig 34 Swirl Angle =
[image: image25.wmf]o

12

, 200 rpm                                                                               70
Fig 35 Swirl Angle =
[image: image26.wmf]o

12

, 200 rpm                                                                               71

Fig 36 Swirl Angle =
[image: image27.wmf]o

12

, 200 rpm                                                                               72

Fig 37 Swirl Angle =
[image: image28.wmf]o

17

, 3200 rpm                                                                             73

Fig 38 Swirl Angle =
[image: image29.wmf]o

17

, 3200 rpm                                                                             74

Fig 39 Swirl Angle =
[image: image30.wmf]o

17

, 3200 rpm                                                                             75

Fig 40 Swirl Angle =
[image: image31.wmf]o

17

, 3200 rpm                                                                             76

NOMENCLATURE

A

Area 

AR 

Area ratio 

AS

Aspect Ratio

B

Blockage factor

C

Constants 

CP 

Pressure recovery co-efficient 

CPI 

Ideal pressure recovery co-efficient 

D

Diameter 

G 

generation of turbulence kinetic energy 

g

acceleration due to gravity

K 

Total pressure loss co-efficient 

k 

Turbulent kinetic energy 

P 

Static pressure 

Pt 

Total pressure 

Q

Volume flow rate

R

Radius

Re 

Reynolds number 

S

Swirl Number of flow

Sm 

Mass added 

U 

Velocity 

w

Swirl velocity 

x,y,z 

Cartesian coordinate system 

YM

fluctuating dilatation in compressible turbulence.

Symbols
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Stress tensor

µ

Laminar viscosity

µt

Turbulent viscosity

2θ 

Equivalent cone angle

Γ

Circulation

ε 

Turbulent kinetic energy dissipation rate 

η

Diffuser effectiveness

θ 

Wall angle 

ν 

Kinematics viscosity 

ξ 

Total pressure loss co-efficient 

ρ   

Density

Σ
            Turbulent Prandtl no.

Subscript

B

Blocked

ci

casing inlet

co

casing outlet

E

Effiective

eq 

Equivalent flow

hi

hub inlet

ho

hub outlet

in

inlet

m

maximum

out

outlet

r

radial direction

t

tangential direction 

x

longitudinal direction
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