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Diffusers have been the subject of extensive study 

over the past two decades. Amongst various types of diffusers, 
the least attention has been paid to e4rular diffusers because 
of the number of geometric parameters that need to be consider* 
In many :CLuid dynamical applications flow through annular 

of the investigation was to carry out precise measurements of 

the mean flow and the turtulence quantities in plane two- 



and tangential velocity profiles were measured with the help 

of a three hole cobra probe which was traversed across various 

cross-sections along the diffuser length. The shear stress 
acting on the diffLtserdiffuser wall was measured by means of a 

Preston tube, It was also computed from the measured locity  
profiles with the help of a Clauser plot, The turbulence  
intensity at the inlet to the diffuser and the distriitii 

of turbulence ee intensi y alongthe length of the diffuser r were 
measured using a Disa constant temperature hot wire anemometer. 

The experimental data was processed on an ICL 2960 computer 

to calculate the radial distribution of the longitudinal and 

tangential velocity components, the swirl angle, the static 

pressure and the distribution of the total pressure at each 

a ark, e . location.  oc ati 	The re sad, t s have been presentedin the to  form 

of normalised plots using the mass averaged velocity at the 

inlet as the reference velocity to normalise the longitudinal  
and tangential components of ye]. ocity. The radial cii.  distribution  
of static pressure along the length of the diffuser, the longi-

tudinal  variation of static pressure along the casing U, 
the pressure recovery, the blockage factor, the wall shear 
stress, and the distribution Lion of turbulence iritcna±ty along he 

diffuser length have also been presented. The measurements  
indicate that the pressure recovery improves on introduction 

of inlet swirl, 	.i:b generated swirl results in an increase 

of the radial static pressure and the distribution of the 

longitudinal  stati pressure along the casing wall and jenoe  

an improvement  i,n the pressure recovery similar to that with 
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inlet swirl. Introduction of swirl in Group A diffusers was 
found to substantially reduce the possibility of separation 

at the casing and to shift the stall from the casing to the 

hub. On the other hand, even a s4it of 2 ° which was the 

mtxLrnum investigated was not sufficient to completely eliminate 

separation in grip B diffusers although the extent of the 

separation zone could be reduced. 

The MACH-T coiupu tar code developed by Gosinnn et al 
(1976) • turbulent recirculating flows•a 

adopted foraffecting flow predictionsconical 

Prediction s of 	 a 	and tangential velocity profiles  

and the pressure 	S 	 for flow through conical 

with u uithout 	with the corresponding  

resultsexperintental 	U found to be in fair agreepont,  

program was further modified end updated for investigating  

annular diffasers ~dth a straight hub and with divergin g U 

walls.and casing, 	Theoretical 	for these cases  

were 	 • 	a vdth the corresponding  

found to be in good agreement.  



(v) 

pcL TIN  TS 

P age 

ACIdi  
ALSTRACT 	 ii iv 
CU TIM TS 	 V - Viii 

CHAPTER it UTRo1XJCTIU 	 1 - 7 

1.1 Problem Considered 	 3 
1.2 Outline of Presentation 	 6 

OLIJQTER 2: BEVIEJ UP IXLFIUSER TUMES 	 8 -43  
2.1 Geometric and Flow Parameters 	10 

2. 2. 1 Area ratio, divergence 12 
angle, and non-dimensionni 
length 

2.2,2 Wall Curvature 17 
2,2.3 DotreEun Ducting, 18 

Tail Pipe 
2.3 	Effects of Flow Parnmeters 19 

2,3,1 Inlet  Velocity Profile 19 
2.3.2 Inlet Liockage Factor 20 
2.3.3 Inlet Reynolds 	urIber and 22 

3ach ?uniber 

2.3) Inlet Turbulence Level 23 
2.3.5 Inlet Swirl 24 
2.3,6 Oscillating Turbulent Flow 28 
Loundary Layer Control Parameters 29 

Boundary Layer  auction 29 
2.,2 Plowing and Injection 30 
2.1f,3 Vortex Generators 31 



M 

2)4-.1+ screens, Vanes, Splitten, 	31 
arid Lpecial Flow Control 
Device s 

2.5 Diffuser Perforiance Correlations 	33 
2. 5.1 6ovrari and 11 omp Correlation 	33 
2.5.2 Tyler and 1411imson 	35 

Correl atico 

2.6 Analytical Studies to develop 	36 
Sorni-ernpirical Ilethods to Predict 
the perfor7nance of diffusers 

2.7 Concluding flemarks 	 1+1 

CIIAPTjiR 3 	1flthL TAt FACILITY X, D iJIP1 T 	1+1+- 59 

3,1 Apparatus 11 

3,1,1 Swirl Generation and 1+6 
Specification 

3, 1,2 Geometry of the Test 1+8 
Diffusers 

3,1.3 Diffuser Inlet Location 1+9 

3.2 Instrumentation 1+9 

3.2. 1 Traversing 14echnnism 50 

3.2.2 11anometers 50 

3.2.3 Ieasurenient of the wall 51 
Static Pressures 

3.2.1+ 1;easurernent of the Neari 51 
Velocity 

3.2.5 Three Tube Impact Probe 	51 
(Cobra Probe) 

3.2.6 1easurement of Wall Shear 	52 
Stress 

3,2.7 iTot-wire Measurement 	55 
3. 2. 	Flow VisuEtliation 	 56 

3,3 Errors and Uncertainty Associated 58 
with the oasured sntities 



Vii 

C HAP TiiR I3: 	EXPERUM,  VTAL PROGRA1ili 60 - 65 
+,1 Inlet Conditions 60 
4.2 Preliminary InvestigRtim 61 

+3 Ixpeririienta]. Procedure 61 
Data Processing 62 

i.5 BstInation of the Turbulence 62 
Intensity 

4.6 C omr,utatj on of the 4all. Shear 63 
Stress 

17 Uncertainty Analysis of 

CLAPR 5: 	.AIALYTICL PRUWW,a, X 66 - 80 
5,1 Finite Difference 1,jethod 66 

5,1,1 	iathematical 	odel 67 
5, 1 2 	Selection of Vie Turbu- 67 lence lodel 

5.2 Development of the Computer 71 
Program 
5.2,1 	The Teaoh-T Code 71 
5.2.2 	Solution Procedure 72 
5.2.3 	Turbulence Nodal 73 
5. 2.+ 	Structure of the Teach-T 75 ProgrEi 
5.2.5 	Convergence Criteria 76 
5,2,6 	1umerLcal Stability 76 
5.2.7 	Accuracy 77 

5,3 flodification of the Teach-T 77 P rorwn 
5.3,1 	General Remarks 

5.3.2 	Control Volume 78 
5,3,3 	OALC4 Subroutine 79 



viii 

C itTliS AND DISCUSSION Ci - 122 
0,1 Inlet Conditions 81 

6.1.1 	Velocity profiles 62 

6,1,2 	Swirl distribution 84 

6,1,3 	Static pressure distribution 04 

6,1,4 	Inlet turbulence 04 

6,2 Velocity Distribution Diffuser Passage 85 

6,2,1 	Velocity distribution in 86 
roup A diffusers  

6,241.1 	Nonswirliz 	flow 36 

6,2,1,2 	SwirlinC, flow 87 

6,22 	Velocity distribution in 91 
group B diffusers 

6,2,2,1 	Nonswirling flows 92 

6,2,2.2 	Swjr1i4; flows 9 3 

6,3 Pressure diatributon in diffuser passage 105 

6,301 	Static pressure in group A diffusers 105 

6.3.2 	Static prease distribution in 107 
croui 33 diffuaors 

6.3.3 	The normalised pressure distri- 109 
titian along casing wall 

6.4 Plow separation and stall 110 

6,5 Blockage factor ill 

6,6 Skin friction coefficient 112 

6,7 Distribution of turbulence intensity 113 

6,8 Diffuser performance 115 

6,9 Theoretical predictions 118 



ix 

ChAPTER 7  COITCL;JSION3 AND EaaDATIn3 	 123 - 127 PUR FJ1URB VIURE1.  
7,1 	Ono 1 or 123 
7.2 Recommendations for Iluture Work 	 126 

NOTATI ONS 	 im 

 

R1RBNOES 

PIGU1E2 are all serially axraect at the ends, 

135 - 148 


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

