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ABSTRACT 
 This paper deals with the 

investigation of the characteristic of 

subsonic viscous flow through a curved 

diffuser numerically with commercial 

code for computational fluid dynamics 

(CFD) Fluent Inc. version 6.3. The 

diffuser flow is a two-dimensional, 

turbulent, incompressible and fully 

developed. The investigations are based 

on the Spalart-Allmaras turbulent model. 

A 2-D quadrilateral grid is generated by 

the grid generator  GAMBIT.    Obtained 

 

results are compared with the available 

experimental data and found to give good 

agreement. The effects of curvature angle, 

area ratio and adding tail channel with 

constant area on the diffuser performance 

and flow pattern are studied and revealed 

by the pressure contour, velocity vector, 

and variation of the pressure recovery 

factor for all above mentioned 

parameters. 

Key words: Diffuser performance, 

CFD, Turbulent flow  

Nomenclatures: 

AR Area ratio(exit area/inlet area) x,y Coordinate system(m) 

AS Aspect ratio(channel width/channel height) Greek symbols  

Cp Pressure recovery factor α Divergence angle(deg.) 

D Hydraulic diameter at entrance(m)   Gradient 

L Length of tail channel(m) θ Curvature angle(deg.) 

P Pressure(N/m
2
) ν Kinematic viscosity(m

2
/s) 

Re Reynolds number ρ Density(kg/m
3
) 

t Time(sec.) subscript 

U Velocity(m/s) i,j Coordinate index 

u,v Velocity components(m/s) t Turbulent 
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INTRODUCTION 

    Diffusers represent integral parts of jet 

engines and many other applications that 

depend on fluid flow. Performances of a 

propulsion system and ducts for the air 

conditioning systems as a whole are 

dependent on the efficiency of diffusers. 

These devices concern with converting 

velocity head to static pressure and for 

reducing velocities. Identification of 

separation within diffusers is important 

since separation increases drag and causes 

inflow distortion to engine fans and 

compressors
[1]

. Well designed diffusers 

should incur minimal total pressure losses 

and deliver nearly uniform flow with 

small transverse velocity components at 

the engine compressor entrance
[2]

. 

Reduced total pressure recovery lowers 

propulsion efficiency, where as non 

uniform flow conditions at the engine 

face lower engine surge and stall limits. 

However, airframe weight and space 

considerations demand as short as 

possible diffuser, resulting in high 

degrees of centerline curvature and large 

changes in cross sectional area. These 

factors are responsible for the 

development of strong secondary flow 

and attendant boundary layer separation, 

which increase total pressure non 

uniformity and total pressure loss at the 

diffuser exit. Large amounts of distortion 

significantly reduce engine performance 

and may lead to drastic results, such as 

engine stall
[2]

.  

The flow field characteristics and 

performance of subsonic diffusers has 

been an interesting research topic for 

many years. Sprenger
[3]

 presented 

experimental study to investigate 

efficiency for a straight-conical diffuser 

and two circular curved diffusers. The 

first one with angle of curvature (θ=15
o
) 

and the second with (θ=30
o
). All diffusers 

with angle of divergence (α=8
o
) and area 

ratio (AR=4). The results show that 

efficiency (the ratio of actual static 

pressure rise to that ideally obtained by 

neglecting any pressure loss when ever in 

the diffuser) decrease as the angle of 

curvature increased. Majumdar and 

Agrawal
[4]

 performed an experimental 

study for air flow in a curvature diffuser 

with (AR=3.4),( θ=90
o
) and (AS=0.685) 

after inserting a row of vans at the 

diffuser inlet to control the changing of 

entrance angle of air to the diffuser. 

Results showed that when air enter to the 

diffuser with an angle of 100
 o

 toward 
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convex wall led to a big development of 

flow distribution inside diffuser from 

separation occurrence on the convex wall 

diffuser, as well as increasing in pressure 

recovery factor. Singh et. al
[5]

 performed 

experimental study for turbulent air flow 

with growth of thin boundary layer 

through curved diffuser with (θ=90
o
), 

(AR=2) and (AS=6) with additional 

constant cross sectional area duct at the 

diffuser exit and (Re=2.2*105) at inlet. 

Results show that the pressure recovery 

factor and losses factor in total pressure 

were (51%, 15%) respectively. Numerical 

investigation for turbulent flow through a 

curved squared duct(θ=1800
 o

) carried out 

by Y.D. Choi et. al.
[6]

. They constructed 

some of numerical modeling and select 

the best one to represent the inner wall for 

the curved U-duct by very small meshing 

to cover boundary sub-layer by using 

parabolic sub-layer approximation (PSL) 

method. This approach ignore static 

pressure variation inside this sub-layer, 

and using the algebraic second-moment 

(AMS) and compression with [(k-ε) 

Eddy-viscosity model], and they found 

good agreement with experimental results 

which presented by S. Chang et. al.
[7]

. 

The present work aims to numerically 

solve the flow through a curved diffuser 

and compare the predicted results with 

Al-Annaz's work
[8]

 computationally, 

focusing on three aspects of CFD 

modeling and their effects on the diffuser 

flow computations. The first part focuses 

on the effect of curvature angle on the 

flow pattern and diffuser performance. 

Secondly, the effect of area ratio on the 

flow pattern and diffuser performance has 

to be carried out. Finally, the effect of 

adding a tail channel on the flow pattern 

and diffuser performance is to be focused. 

This study has been done employing a 

computational-fluid dynamics (CFD) 

code not only to obtain aerodynamic 

parameter Cp, but also to study the 

physics of flow. 

 

COMPUTATIONAL ETHODOLOGY 

Diffuser flow computations are 

particularly a challenging task for 

Computational Fluid Dynamics (CFD) 

simulations due to adverse pressure 

gradients created by the decelerating 

flow, frequently resulting in separation
[1]

. 

These separations are highly dependent 

on local turbulence level, viscous wall 

effects, and diffuser pressure ratio, which 
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are functions of the velocity gradient and 

the physical geometry. Thus, turbulence 

modeling and geometry modeling become 

dominant factors that affect the ability of 

CFD to accurately predict flow through 

diffusers. 
 

1-Governing Equations and 

Turbulence Model Selection: 

The mean flow satisfies the 

incompressible Navier-Stokes equations 

with an eddy viscosity:  

 

0U                          ………..    (1) 

 

.... (2)  

Turbulence modeling is a major stage 

in computational fluid dynamics. It is 

unfortunate fact that no single turbulence 

model is universally accepted as being 

superior for all classes of problems. The 

choice of turbulence model should 

depend on several considerations such as 

the physics encompassing the flow, the 

established practice for a specific class of 

problems. Furthermore, the level of 

accuracy required and the available 

computational resources and the time 

available for the simulation. To make the 

most appropriate choice of model for any 

application, one must understand the 

capabilities and limitations of various 

options. 

In the present work, the Spalart & 

Allmaras turbulence model was 

considered to determine the turbulent 

viscosity. The Spalart-Allmaras model 

was designed specifically for aerospace 

applications involving wall-bounded 

flows and has been shown to give good 

results for boundary layers subjected to 

adverse pressure gradients. It is also 

gaining popularity for turbomachinery 

applications
[9]

. 

This model belongs to only one 

equation family of eddy viscosity models. 

This family is based on the assumption 

that Reynolds stress-tensor vu.   is 

related to the mean strain rate through an 

apparent turbulent viscosity called eddy 

viscosity υt, which can be computed from 

Reynolds stresses
[9]

: 
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    Actually, the computation uses an 

intermediate transport variable ~  with 

the damping function )(f 1   relating to 

  U.PU.U t 
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turbulent viscosity by )(f.~
1t    to 

solve the following transport equation
[9]

: 
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    The intermediate variable ~  is in 

general identical to the turbulent 

kinematic viscosity υt except in the near-

wall (viscous-affected) region. Gυ and Yυ 

are the production and destruction terms 

of turbulent viscosity respectively. Both 

are strong in the near-wall region due to 

wall blocking and viscous damping. 

Besides ~  denotes the turbulent Prandtl 

number, Cb2 a calibration constant   and 

  is the molecular kinematic viscosity. 

The first term will be vanished due to 

steady flow assumption for the present 

study. 

 

Turbulent Viscosity Modeling
[9]

: 

    The turbulent kinematic viscosity, υt, is 

computed from: 

 

1t f.~
    ……………….(5) 

Where the viscous damping function, fυ1, 

is given by: 

 

1
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Turbulent Production Modeling
[9]

 

The production term, Gυ, is modeled as 

 


~S

~
CG 1b         ……… (7) 

where   

222
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Cb1 and κ are constants, d is the distance 

from the wall, and S is a scalar measure 

of the deformation tensor. By default in 

FLUENT, as in the original model 

proposed by Spalart and Allmaras, S is 

based on the magnitude of the vorticity: 

 

ijij2S    ..................... (8) 

Where Ωij is the mean rate-of-rotation 

tensor and is defined by 
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Turbulent Destruction Modeling
[9]

 

The destruction term is modeled as 

 

2

w1w
d

~
fCY 







 
      ……….(10) 

where  

6/1

6

3

6

6

31














w

w

w
Cg

C
gf ,  

 rrCrg
6

2w    and  
22

dS
~

~
r




  

Cw1, Cw2, and Cw3 are constants. Note 

that the modification described above to 

include the effects of mean strain on S 

will also affect the value of S
~

 used to 

compute r. The model constants Cb1; 

Cb2; ~
; Cυ1; Cw1; Cw2; Cw3 and κ 

have the default values
[10]

 in Table(1). 

 

2-Numerical Tools and Models
 

The FLUEN  3.6 CFD code
[9]

, uses a cell-

centered finite volume method. The flow 

field itself is solved using Navier-Stokes 

Equations with an eddy viscosity and 

additional one-equation turbulence model 

[Spalart-Allmaras model]. For the present 

study, the solver was configured to run 

with perfect gas, (air γ=1.4, the same 

properties of air in the ref.
[8]

), 2-D, steady 

state, incompressible and subsonic flow. 

The implicit method implemented uses a 

pressure based solution method. Note, all 

internal number representation in the 

solver utilized double precision and the 

schemes used here are second order. The 

SIMPLE algorithm with under relaxation 

coefficients is used in the overall 

discretization of the equations, while the 

under relaxation factors which used are 

taken as follows: for pressure (0.3), for 

density (0.9), for body force (0.85), and 

for momentum (0.7). To reduce the 

dispersion errors and to increase the 

speed of the computations, the multigrid 

approach has also been used. 

 

3-Computations  

    The computational domain models the 

experimental apparatus of Al-Annaz
[8]

 

(see fig.(1)). In the 2-D simulation for 

curved diffuser with details in Table (2) 

are undertaken. 

 The computational domain for this study 

is bounded by two curved wall surface, 

one inlet and one outlet conditions as 

110 



Tikrit Journal of Eng. Sciences/Vol.16/No.1/March 2009, (105-120) 

 

shown in Fig(2). The boundary conditions 

used for the curved diffuser are velocity 

inlet, outflow and wall surface. The inlet 

uses specified velocity profile, while the 

outlet is outflow boundary condition. The 

diffuser walls are modeled to be 

stationary wall with no-slip boundary 

condition. 

Fluent gives a great importance to 

properly resolve boundary layers close to 

surfaces in turbulent flow. Failing to do 

so will result in erroneous results when 

calculating bulk values like factor of 

pressure recovery due to area 

enlargement. It is much easier to 

accomplish accurate boundary layers 

using a structured grid (Note that the 

solver still treats the grid as an 

unstructured grid mathematically)
[9]

.
 
All 

grids used in this study are therefore 

structured. Due to the strong interaction 

of the mean flow and turbulence, the 

numerical results tend to be more 

susceptible to grid dependency than those 

for laminar flows
[9]

. It is therefore 

recommended to resolve the near wall 

regions with sufficiently fine meshes 

because the mean flow changes rapidly as 

shown in Fig.(3). The structured grid for 

this study has been generated using the 

grid generator GAMBIT with the 

objective of good wall function 

performance. 

 

RESULTS AND DISCUSSION 

     In order to provide a direct comparison 

with the available experimental data, 

results are presented by showing pressure 

recovery factor values at several axial 

stations because this factor represents 

diffuser performance. In addition, to 

study the physics of flow we insert 

pressure contours and velocity vectors. 

The flow computations required about 

103 iterations to converge. At the end of 

every computational run, flow residual 

are reduced by more than seven orders of 

magnitude. A sample of residual history 

is shown in Fig.(4). Results compared 

with available published experimental 

data. Fig.(5) presents the variation of 

pressure recovery through a diffuser for 

three values of Reynolds number at 

entrance and compared with these from 

experimental data. It shows that the 

pressure recovery increases with the 

increase in Reynolds number. A good 

agreement with experimental work, only 

at θ=300 where occurred maximum 

deviation about 25% due to began sharp 
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change in flow direction at this station. 

The effect of curvature angle on the 

performance of diffuser was presented in 

Fig.(6) which shows that pressure 

recovery decrease as curvature angle 

increases, because of increasing the 

energy losses due to the increase of  

length of diffuser and existing a 

secondary flow, also this appear in 

pressure contours and velocity vector in 

Figs.(9,10). The pressure recovery 

behavior with variation of area ratio is 

shown in Fig (7). Area ratio increase 

leads to enhance in diffuser performance 

due to the increase in area, but this 

enhancement will be limited after AR=2.5 

(this is very clear in Fig.(7)), due to 

increase in intensity of separation, also 

the effect of increasing in area ratio is 

clear in Figs.(11,12), which represents 

pressure contours and velocity vector 

respectively. The effect of adding a tail 

channel with constant area at the exit of 

diffuser on pressure recovery is revealed 

in Fig.(8). The pressure recovery is 

increased with the increase of length of 

tail channel due to increase of the 

uniformity of flow at the exit of diffuser; 

this will  lead to increase in total pressure 

recovery and decrease in velocity as 

shown in Figs.(13,14). 

CONCLUSIONS 

    It is very important to have a precise 

simulation tool for prediction turbulent 

flow through diffusers. So that, Fluent 

capability to predict the behavior of 

turbulent, subsonic, and incompressible 

flow through a 2-D curved diffuser has 

been implemented. The computations 

show that the Fluent code gives  good 

result when looking for pressure 

distribution. Comparison of the pressure 

recovery factor with the available 

experimental data summarizes this 

conclusion. 
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Table(2) Details of cases study 

Cases 

 

Variables 

Comparison 

case study 

Effect of 

curvature angle 

Effect of area 

ratio 

Effect of adding 

tail channel 

θ 90
0
 30

0
,60

0
,90

0
 90

0 
90

0
 

AR 2.5 2.5 2, 2.5, 3 2.5 

L/D 0 0 0 0,1, 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(1) Detailed Schematic of Diffuser Layout
[6] 
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Fig.(2) Outline of computational domain 

with boundary conditions 
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Outflow 

B.C. 

No-slip wall 

B.C. 

θ 

Fig.(3) Close-up of Grid Generation 

(Two-dimensional, structured, Quad. 

Mesh) for (θ=30
0
) 

Fig.4 Residual History of Solution Convergence 

Fig.5 Pressure Recovery Distribution along Diffuser for Different Entrance Reynolds No.  
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Fig.6 Variation of Pressure Recovery Factor 

via Re No. for Different Curvature Angle 

(AR=2.5, L/D=0) 
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Fig.9 Static Pressure Contours 

for Different Curvature Angle  

(AR=2.5, L/D=0) 

Fig.10 Velocity Vector Magnitude 

for Different Curvature Angle 

(AR=2.5, L/D=0) 

a- θ=30
0 

b- θ=60
0 

a- θ=30
0 

b- θ=60
0 

c- θ=90
0 

c- θ=90
0 
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Fig.12 Velocity Vector Magnitude for 

Different Area Ratio(θ=90
0
, L/D=0) 

Fig.11 Static Pressure Contours 

for Different Area Ratio(θ=90
0
, 

L/D=0) 

a- AR=2
 

a- AR=2
 

b- AR=2.5
 

b- AR=2.5
 

c- AR=3
 

c- AR=3
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a- L/D=0
 

b- L/D=1
 

a- L/D=0
 

b- L/D=1
 

Fig.14 Velocity Vector Magnitude for 

Different Tail Channel Length(θ=90
0
, 

AR=2.5) 

Fig.13 Static Pressure Contours for 

Different Tail Channel Length(θ=90
0
, 

AR=2.5) 

c- L/D=2
 c- L/D=2
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 تحقق عددي لأداء ناشرة ثنائية البعد مقوسة
 

 ةخمف إبراهيم حماد
 مدرس مساعد 

 جامعة تكريت -سم الهندسة الميكانيكية
 

 الخلاصة

ب اا   متناال ا بحث ااح بح االحص ب تدداالل ياا  ل  حاناالل بحدوناالص بح اال    ص بحداا تص ساادا نل ااو  اد  اا  ثل ااتس ب
لل  وكااا  بحا ب ااا ا ئاااو  بحدونااالص سااادا بحنل اااول  نااال ص بحث ااا   بحثوادنااالل بحتدلونااا  بحا اااتس ا  ئاااص  اااا ا ااال ا   ااالث

ئاص بح اا بح ا  ل حا ااح  بحث اح ثليتاال  ناا     Fluent6.3اضطوب  غنو بنضغلطص  تالم بحناا ا بت اتس م  بحثونالا  
Spalart-Allmaras   حتا نااا ساا بض باضااطوبب ئااص بحدوناالصا تاام ثناالل بحنااال    بحت حناا  بح ااثكص بحساالض ث اال ث ب ااط

 ,AR=2.5) نل ص بحث   وثليص بلأضدعا تم ادلونا  نتال   بح لحا  بح وب ان  نا      نح تم بيتال  GAMBITونلا  ث

θ=90
0
وس تااا نو كااا اااص لب ناا  بحتداا س  ن ااث  ا اال   ا  نااح  ت دناا ااا  بحنتاال   بح ا ناا  بحاتل اا   كاالص  ناال  ت بئاا   (

ضلئ  قنلل  لثت  بحادط  ئاص بحن لنا   ي اى د بل بحنل اول  سا بض بحدونالص سدح ال  تام ياو  بحنتال   بحاسو  إحى بحا سا  ب 
  ااوي   ان نناالل ا لاااا ب ااتودلع بحضااغط حداناا  بح االال بحااا ك ول حي ااى  ااكا اسططاالل كنت وناا  ح ضااغط  اتد االل 

 ديد ا
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