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Abstract 
The integral component of the gas turbine engines are curved annular diffusers at high speed air craft. By reducing the total 

pressure loss the diffuser facilitate effective operation of the combustor. The performance of these diffusers depends on their 

geometry and inlet conditions. In the present investigation the distribution of static pressure and total pressure are studied with 

the help of CFD on a curved annular diffuser of 30
0
,35

0
 and 40

0
 angle of turn and also by varying the circular hub of diameter 

to5mm, 7.5mm, 10mm, 12.5mm,15mm and 20mm and allowing the air as fluid to pass through the diffuser. ANSYS FLUENT 14.5 

is used for this assessment and Turbulence model as standard k- ε also used. In this investigation it was observed that for a small 

angle of turn the static pressure recovery is more and as the angle of turn increases static pressure recovery reduces and also the 

total pressure loss is more. And it was also observed that for an angle of 30
0 

with 20mm hollow diameter the static pressure is 

better and total pressure is less. 
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1. INTRODUCTION 

Diffusers are reducing the velocity of incoming air. These 

are installed under the wings, base of vertical stabilizer; root 

of the wings and under the fuselage. The main function of 

diffuser is to convert dynamic pressure into static pressure 

without loss of total pressure. Diffuser operation and design 

mainly depend on the subsonic and supersonic entry flow. 

Diffuser is annular adiabatic duct, no heat and work transfer, 

total temperature remains constant in this study and the 

performance depends in terms of temperature and pressure 

rise (as well as geometry of curved annular duct and inlet 

conditions). 

 

Curved annular diffuser can be of two classes (1) diffusers 

whose axis is straight but whose walls are curved in a bell or 

trumpet shape or (2) diffusers whose axis is curved so that 

diffuser is the sum of the bend and straight axis diffuser. 

Tested by Calsons et al [1] indicate that there is little 

advantage in utilizing a trumpet or bell wall shape over a 

straight wall in straight in a straight axis, two dimensional ; 

diffuser moreover the straight wall design is for easier to 

construct.  

 

The losses in a curved axis diffuser (a diffusing bend) 

exceed those in a comparable straight axis diffuser. The 

pressure recovery is lower and the bending of the flow 

results in an exit misdistribution with higher flow velocity 

on the outside of the bend. However a curved axis diffuser 

can be more efficient than the combination of straight axis 

diffuser and bend. 

2. LITERATURE REVIEW 

Annular curved diffusers are common devices, however, 

their performance and flow characteristics depends on their 

geometry and inlet conditions. Annular curved diffusers 

have been investigated by many researchers due to their 

wide spread usage some of which are listed in brief. 

Prasanta K Sinha et al [2] investigated flow through 

annular diffusing duct numerically and experimented mean 

velocity distribution. They changed the static pressure and 

total pressure on an annular curved diffuser of 30
o
 angle and 

ratio 1.28 and centre line length was chosen three times of 

inlet diameter. Compare the results for validation, by 

varying different area ratios from 1.15 to 3.75 with same 

centre line length and inlet diameter. By this investigation 

they found increase in static pressure recovery up to 2.86 

and between areas 2.86 to 3.75. Recovery pressure decreases 

steadily. Change in area ratio for same inlet condition, the 

coefficient of total pressure loss remains constant. A.Sheeba 

et al [3] Studied on annular pre diffuser for marine turbine 

combustor on the effect of strut configuration analyzed by 

CFD, also investigating numerically and experimentally of 

straight cone annular diffuser normally used in marine gas 

turbine combustor and flow in annular diffuser. The 

investigation completely focused on the distortion of the 

flow produced by the strut. S.N Singh et al [4] studied the 

performance of S shaped rectangular diffuser by momentum 

injection by CFD. During analysis they found flow 

distribution and pressure recovery improved significantly 

because they changed the diffuser having aspect ratio of 6 at 

inlet. And 3cm diameter placed inflexion plane across width 

of diffuser and different speeds to inject momentum to the 

decelerating flow as a result of boundary layer separation. 
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3. METHODOLOGY AND OBSERVATIONS 

In this study the annular curved diffuser is modeled by using 

CATIA V5R20, and is meshed in ICEM CFD and 

appropriate boundary conditions used for annular curved 

diffuser. Standard k- ε method is used in this analysis and 

analysis is done by using ANSYS FLUENT 14.5 software 

and static pressure recovery and total pressure recorded in 

this investigation.  

 

3.1 Methodology 

 The basic geometry of annular curved diffuser has been 

taken from the literature Survey. 

 A 3-D model of the basic geometry was created by 

using software CATIA V5R20. 

 Modification was done in the annular curved diffuser by 

inserting the circular hub with different diameter of 

5mm, 7.5mm, 10mm, 12.5mm, 15mm and 20mm and 

also angle of turn changes like 30
0
, 35

0
, and 40

0
. 

 In the modification circular hub is placed in the hollow 

section of the basic annular curved diffuser. 

 The created 3-D model was imported to ANSYS 14.5 

work bench in the form of stp format. 

 Meshing was done by using ICEM CFD.  

 The standard k- ε model used. 

 Analysis was done by using ANSYS FLUENT 

14.5software. 

 Finally obtaining the pressure and velocity contours. 

Also plot the graph of static pressure recovery. 

 

3.2 Model 

 
Fig 3.1 Basic geometry of annular curved diffuser. 

 

Figure 3.1 shows the basic geometry of annular curved 

diffuser. The basic geometry was taken according to the 

literature survey and a 3-D model was created by using 

CATAI V5R20. 

 

 
Fig 3.2 CATIA model of basic geometry of annular curved 

geometry. 

 

Reynolds number 2.45 x 10
5 
based on inlet diameter [4]. 

 

 
Fig 3.3 Modification model of basic annular curved diffuser 

 

Figure 3.3 shows the modification model of the annular 

curved diffuser. Modification was done by inserting the 

different diameters of circular hub like 

5mm,7.5mm,10mm,12.5mm,15mm and 20mm inside the 

hollow section of the basic geometry and also angle of turn 

changes like 30
0
, 35

0
and 40

0
. 

 

3.3 Meshing  

Fig 3.4 Meshing model of annular curved diffuser 



IJRET: International Journal of Research in Engineering and Technology        eISSN: 2319-1163 | pISSN: 2321-7308 

 

_______________________________________________________________________________________________ 

Volume: 06 Issue: 02 | Feb-2017, Available @ https://ijret.org                                                                                          95 

Figure 3.4 shows the meshing model of annular curved 

diffuser. Meshing was done by ICEM CFD. In meshing 

inflation method was used for good meshing. 

 

3.4 Boundary Conditions 

Mesh Model 

Solver type                    :        Pressure based 

Problem model             :        Standard k- ε 

Fluid                              :        Air      

Velocity                         :        47m/sec 

Outlet gauge pressure :        0 Pa 

Wall condition              :      stationary and no slip condition 

Reynolds number         :       2.45 x 10
5
 

 

Standard k-ε model is used for all model analysis. Air is 

used as the fluid. At the inlet, constant velocity condition is 

given for all model analysis and ambient pressure is used as 

the exit boundary condition. Stationary and No-slip 

conditions are assumed on the wall of all models. 

 

3.5 Observations  

 In the present investigation observed that the static 

pressure recovery, total pressure loss and percentage of 

head loss on basic curved annular diffuser and also on 

modification curved annular diffuser. 

 Flow characteristics were observed in pressure and 

velocity contour. 

 Here observed where the pressure recovered more in the 

annular curved diffuser. 

 In this investigation on percentage of head loss and total 

pressure observed. 

 

4. RESULTS AND DISCUSSIONS 

In this study flow characteristics is observed by plotting the 

pressure and velocity contours for all models. Static pressure 

recovery and total pressure loss observed by plotting the 

graphs for all models. 

 

4.1 Stream Lines of Annular Curved Diffuser 

Fig 4.1 Stream lines of annular curved diffuser. 

 
Fig 4.2 Stream lines of annular curved diffuser by inserting 

circular hub. 

 

Figure 4.1 and 4.2 show the velocity stream lines of annular 

curved diffuser and curved diffuser by inserting circular hub 

respectively. From the figure 4.1 the stream line is 

uniformly distributed at inlet of the diffuser, when the 

hollow section starts stream lines suddenly changes and 

stream line decreases towards the outlet of the diffuser. 

From the figure 4.2 the velocity stream line uniformly flows 

at inlet, when the inserting circular hub inside the hollow 

section starts the stream line flow gradually increases but 

towards the outlet of the diffuser stream line decreases. 

 

4.2 Pressure Contours 

4.2.1 Pressure Contour of Annular Curved Diffuser 

 
Fig 4.3 Pressure contour of basic annular curved diffuser 

 

4.2.2 Pressure Contour of 30
0 

Angle with Diameter 

12.5mm Circular Hub of Annular Curved Diffuser 

 
Fig 4.4 Pressure contour of annular curved diffuser with 

diameter 12.5 mm circular hub 
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4.2.3 Pressure Contour of 30
0 

Angle with Diameter 

15mm Circular Hub of Annular Curved Diffuser 

Fig 4.5 Pressure contour of annular curved diffuser with 

diameter 15 mm circular hub 

 

4.2.4 Pressure Contour of 35
0
angle with Diameter 

10mm Circular Hub of Annular Curved Diffuser 

 
Fig 4.6 Pressure contour of annular curved diffuser with 

diameter 10mm circular hub 

 

4.2.5 Pressure contour of 40
0
angle with Diameter 

20mm Circular Hub of Annular Curved Diffuser 

 
Fig 4.7 Pressure contour of annular curved diffuser with 

diameter 20mm circular hub 

Figures 4.3 to 4.7 show the pressure contours of all 

geometric models for different circular hub with angles 30
0
, 

35
0
 and 40

0
. In the pressure contour the color code indicates 

the pressure variation from inlet of the diffuser to outlet. 

From all the pressure contours initially the pressure is less 

due to the high velocity at inlet. As the fluid flows along the 

diffuser the pressure gradually increases due to decrease in 

velocity. Inserting the circular hub with different diameter 

inside the hollow section of the diffuser it gives more 

pressure recovery than the basic annular curved diffuser. 

From all the pressure contours it is observed that when the 

hollow section starts the pressure drops and then it recovers 

as the geometry increases. 

 

4.3 Velocity contours 

4.3.1 Velocity Contour of Annular Curved Diffuser 

Fig 4.8 Velocity contour of basic annular curved 

 

4.3.2 Velocity Contour of 30
0 

Angle with Diameter 

5mm Circular Hub of Annular Curved Diffuser 

 
Fig 4.9 Velocity contour of annular curved diffuser with 

diameter 5mm circular hub. 
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4.3.3 Velocity Contour of 35
0 

Angle with Diameter 

5mm Circular Hub of Annular Curved Diffuser 

 
Fig 4.10 Velocity contour of annular curved diffuser with 

diameter 5mm circular hub 

 

4.3.4 Velocity Contour of 40
0 

Angle with Diameter 

5mm Circular Hub of Annular Curved Diffuser 

 
Fig 4.11 Velocity contour of annular curved diffuser with 

diameter 5mm circular hub. 

 

Figures 4.8 to 4.11 Shows the velocity contours of all 

annular curved diffuser models. In the velocity contours the 

color code indicates the variation of velocity in the diffuser. 

From the above figures it is observed that velocity uniformly 

varies at the inlet of the diffuser, when the hollow hub starts 

velocity increases gradually but at the outlet it again 

decreases due to increase in area towards the outlet of the 

diffuser. 

 

4.4 Graphs 

 
Fig 4.12 Comparison of CFD and experimental values for 

basic annular curved diffuser 

Figure 4.12 shows the comparison between CFD values and 

experimental results for a basic annular curved diffuser 

model. The graph predicts that results of CFD values almost 

match with experimental results for basic annular curved 

diffuser model. 

 

4.5 Comparison of Static Pressure Recovery for 

300, 350 and 400 Angle 

 
Fig 4.13 Pressure recoveries for 30

0
, 35

0 
and 40

0
 angle with 

different hub diameter 

 

Figure 4.13 shows the comparison between static pressure 

recovery for 30
0
, 35

0 
and 40

0
 angle with different hub 

diameter  5mm,7.5mm,10mm,12.5mm,15mm and 

20mm.The graph predicts that 30
0 

angle of 20mm diameter 

annular curved diffuser with circular hub gives the more 

pressure recovery than the other models. 

 

4.6 Calculations 

Annular curved diffuser with circular hub diameter 5mm for 

30
0
angle. 

 

Total inlet pressure =1358.42Pa 

Total outlet pressure = 1096.79 Pa 

Total pressure loss = Total inlet pressure - Total outlet 

pressure 

     =      1358.42 - 1096.79 

       =       261.63 Pa  

 

Percentage of head loss 

=
Total  inlet  pressure  − Total  outlet  pressure

Total  inlet  pressure
x 100 

= 
1358 .42−1096.76

1358 .42
 x 10 = 19.25% 

 

The total pressure loss and percentage of head loss for 

different circular hub diameter with angle of annular curved 

diffuser as shown in below table. 
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Table 1: Result sheet for annular curved diffuser 

 
 

5. CONCLUSION 

Based on the present investigation the following conclusions 
have been drawn. 

 
In the present investigation the CFD values almost matches 
with experimental results for basic curved annular diffuser 
model. 

 The modified model gives more static pressure than the 
basic annular curved diffuser. 

 By inserting circular hub in the hollow section of the 
annular curved diffuser also gives more static pressure 
recovery. 

 The diameter 20mm of circular hub of 30
0
angle gives 

the more static pressure (130.529Pa) recovery than the 
other annular curved diffuser. 

 In this analysis observed that as the angle of turn 
increases the static pressure recovery goes on decreases 
and total pressure loss is also decreases. 

 The percentage of head loss increases as the angle of 
turn increases from 30

0
 to 40

0
angle. 

 The percentage of head loss is minimum for the 
diameter 5mm of circular hub for 30

0
 angle of annular 

curved diffuser. 

 From the present investigation it is concluded that 
inserting the circular hub inside hollow section of the 
annular curved diffuser gives more satisfactory values 
of static pressure recovery than the basic annular curved 
diffuser model. 
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