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NUMERICAL ANALYSIS OF THE IMPACT
OF CONICAL DIFFUSER GEOMETRY CHANGE
ON VELOCITY DISTRIBUTION IN ITS OUTLET CROSS-SECTION

SUMMARY

Paper presents the results of numerical calculations of air flow through a conical diffuser with divergence angle
200 = 70° and aspect ratio L/'w = 0.82. Constructional changes were introduced into the diffuser in order to ob-
tain a uniform velocity distribution in the outlet cross-section as well as to lower the pressure drop caused by the
air flow. The changes consisted in installing two or three coaxial conical flow guides inside the diffuser. Three
diffuser inlet velocities were investigated: 5.6 m/s, 6 m/s and 25 m/s. Computer modelling analyses were made
using commercial ANSYS software. Calculation results were verified by comparison with laboratory experiment re-
sults carried out for the inlet velocity of 5.6 m/s and for two diffuser constructions — without any flow guides and
with two conical flow guides installed.
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ANALIZA NUMERYCZNA WPEYWU ZMIANY GEOMETRII DYFUZORA STOZKOWEGO
NA ROZKEAD PREDKOSCI W JEGO PRZEKROJU WYLOTOWYM

W artykule przeprowadzono obliczenia numeryczne przeplywu powietrza przez dyfuzor stozkowy o kqcie rozwarcia
200 = 70° i smukiosci L/iw = 0,82. W celu uzyskania réwnomiernego rozktadu predkosci w przekroju wylotowym
dyfuzora oraz zmniejszenia straty cisnienia zwiqzanej z przeplywem powietrza wprowadzono zmiany w konstrukcji
dyfuzora poprzez wspolosiowe zainstalowanie w dyfuzorze dwoch lub trzech stozkowych kierownic. Predkosci na
wlocie dyfuzora przyjmowaly trzy wartosci 5,6 m/s, 6 m/s i 25 m/s. Symulacje komputerowe wykonano w kodzie
komercyjnym ANSYS. Weryfikacje otrzymanych wynikow uzyskano przez ich porownanie z wynikami badan labora-
toryjnych dla predkosci wlotowej 5,6 m/s i dla dwoch przypadkow konstrukcyjnych dyfuzora, tj. dyfuzora bez kie-

rownic i dyfuzora z dwiema kierownicami.

Stowa kluczowe: dyfuzor stozkowy, symulacje komputerowe

1. INTRODUCTION

Conical diffusers with large divergence angle are often used
as elements of ventilation systems, gas exhaust systems
(catalytic afterburners, mufflers), filtration systems, etc.

Flow of viscous gas stream through such diffusers causes
formation of regions of stream separation from diffuser wall
and related blow-back areas (recirculation zones). Depen-
ding on gas velocity at the diffuser inlet, varying size vorti-
ces are created at diffuser walls. Vortex kinetic energy is
a part of the main stream kinetic energy, therefore such
flows result in significant energy losses.

In order to limit these losses diffuser geometry was mo-
dified by mounting coaxial conical flow guides inside the
diffuser and impact of new designs on velocity distribution
in diffuser outlet cross-section was investigated.

Earlier laboratory tests proved that installing flow guides
causes partial smoothing of velocity profile in outlet cross-
section as compared to non-modified diffuser [1].

Laboratory investigations are expensive and time-con-
suming, therefore testing multiple diffuser constructions
and taking various flow parameters into account in order to
optimise each design is difficult.

Such problem can be solved by numerical modelling using
a modern tool, using one of well-known commercial appli-

cations, e.g. Ansys. In the first modelling step a theoretically
best geometry could be found and only then, in the second
step, modelling results could be verified experimentally.

This approach to finding a flow-optimal design requires
providing the model with realistic boundary conditions. In
order to define them, it is preferable to use best estimates
based on laboratory tests.

2. GEOMETRICAL MODEL
OF INVESTIGATED SYSTEM

Numerical calculations were done for the diffuser-pipeline
geometry presented in Figure 1.
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Fig. 1. Diffuser-pipeline system geometry
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Modelling was done for steel conical diffuser with diver-
gence angle 20 = 70° and aspect ratio L/w = 0.82.

Flow in a diffuser with such geometric parameters is
a stream-type flow (Fig. 2).
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Fig. 2. Diagram of typical flow regions [2]

Despite the fact that investigated geometry diffusers are
not presented in the cited diagram, they are used in equip-
ment requiring compact design. An example of such appli-
cation is the catalytic afterburner inlet diffuser [1].

The investigated diffuser was joined to a pipeline of
0.155 m diameter and length L; = 1 m. Calculations were
done for three geometric cases of the diffuser — a sole dif-
fuser, diffuser with two flow guides and diffuser with three
flow guides. Flow guides had a shape of cut apex cone and
divided the inlet and outlet diffuser areas into equal cross-
section areas. Flow guides were mounted coaxially with the
diffuser (Fig. 3). Flow guides’ heights were equal to the
diffuser height of 0.059 m. The remaining part of the sys-
tem, the pipeline, remained unchanged in all investigated
cases.

-

conical diffuser

3. NUMERICAL MODEL
OF THE INVESTIGATED SYSTEM

Numerical calculations were based on two-equation k—€
turbulence model.
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Flow in viscous and transient boundary sublayers was
calculated basing on van Driest model.

flow guides

Fig. 3. Conical diffuser with three coaxially displaced flow guides
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4. TWO-DIMENSIONAL SOLUTION
OF THE DIFFUSER-PIPELINE SYSTEM

Due to geometrical symmetry of the diffuser-pipeline sys-
tem the first stage of modelling was done in a 2D setup.
Calculation mesh generated in Ansys software was made of
triangular and quadrangular elements (Fig. 4).
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Fig. 4. Generated 2D model mesh

The diffuser-pipeline system was fed with air at 296 K.
Air velocities at diffuser inlet were 5.6 m/s, 6 m/s and 25 m/s
(5.6 m/s was an average velocity in the diffuser inlet cross-
section obtained during laboratory tests). A no-slip, adia-
batic and stabilised flow was assumed. Adopted boundary
conditions are presented in Figure 5.
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Fig. 5. Boundary conditions

5.2D MODEL CALCULATION RESULTS

Numerical analysis resulted in data for flowing air velocity
component values and modulus, pressures, energy dissipa-
tion and turbulence kinetic energy in the whole diffuser-
pipeline system cross-section.

Graphs of velocity and pressure distributions in the dif-
fuser outlet cross-section are presented in Figure 6. They
cover all velocities of 5.6 m/s, 6 m/s and 25 m/s as well as
the three investigated constructions, i.e. sole diffuser, dif-
fuser with two flow guides and diffuser with three flow
guides.
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Fig. 6. Velocity and pressure distributions in diffuser outlet
cross-section for 6 m/s and 25 m/s velocities in the inlet
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Figure 7 presents velocity maps in the diffuser and pipe-
line longitudinal cross-section for the diffuser inlet velo-
city of 25 m/s and for three diffuser constructions, i.e. sole
diffuser, diffuser with two flow guides and diffuser with
three flow guides.
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Fig. 7. Velocity maps in the diffuser and pipeline longitudinal
cross-section for the diffuser inlet velocity of 25 m/s: a) sole
diffuser; b) diffuser with two flow guides; c) diffuser with three
flow guides

Figure 8 presents pressure maps in the diffuser and pipe-
line longitudinal cross-section for the diffuser inlet velocity
of 25 m/s and for three diffuser constructions, i.e. sole dif-
fuser, diffuser with two flow guides and diffuser with three
flow guides.
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Fig. 8. Pressure maps in the diffuser and pipeline longitudinal
cross-section for the diffuser inlet velocity of 25 m/s: a) sole
diffuser; b) diffuser with two flow guides; c¢) diffuser with three
flow guides

Additionally air stream flow through a diffuser was mod-
elled for inlet cross-section velocity of 5.6 m/s in order to
compare numerical results with laboratory tests results. The
same boundary conditions as in case of discussed 6 m/s and
25 m/s velocities were used. Calculation results are present-
ed in Figure 9 as velocity, energy dissipation and turbulence
kinetic energy maps.
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Fig. 9. Maps obtained from modelling of a 2D diffuser-pipeline system for diffuser inlet velocity of 5.6 m/s:
a) X axis direction velocity component map; b) Y axis direction velocity component map; c) velocity modulus map;
d) velocity modulus vector map; e) kinetic energy dissipation map; f) kinetic energy map

6. THREE-DIMENSIONAL SOLUTION
OF THE DIFFUSER-PIPELINE SYSTEM

Using a 2D model in flow analysis problems is an over-
simplification in most cases. Investigation results may
sometimes be deprived of data inevitable for proper analy-
sis of the phenomenon. Further analyses were therefore
made using a 3D numerical model, made for inlet velocity
of 5.6 m/s, and their results were compared with experimen-
tal data.

Figure 10 presents a 3D, non-structural mesh for the dif-
fuser and pipeline generated in Ansys software.

Selected results of calculations based on the 3D model
are shown in Figure 11. Presented velocity maps for three
model cross-sections indicate the existence of an asymmet-
ric velocity distribution in the pipeline. This information
could be missed when only solving the problem using a 2D
model.

In order to verify numerical results, the diffuser-pipeline
system was experimentally tested in two design versions,
one being a sole diffuser and the other — diffuser with two
flow guides.

Experiments were run in a measuring setup of diffuser-
pipeline construction presented in Figure 12.
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detail A

Fig. 11. 3D model velocity maps in three longitudinal
cross-sections of diffuser-pipeline system for inlet
Fig. 10. Non-structural mesh in 3D model velocity of 5.6 m/s

b)

Fig. 12. Measurement section of the diffuser-pipeline system (a);
diffuser (b); diffuser with two flow guides (c)
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Fig. 13. Comparison of laboratory test results with computed values.
Distribution of velocity component in X axis direction:
a) diffuser; b) diffuser with two flow guides

Velocity distribution measurement was made using
a HSA-4 semiconducting anemometer.

Modelling results were compared with laboratory mea-
surements. Distributions of X component of velocity vector
in diffuser and diffuser with two flow guides outlet cross-
sections were considered. Results are presented in Figu-
re 13; similarity of velocity graphs can easily be observed,
however numerical calculations graphs are more symmetri-
cal.

7. SUMMARY

The paper presents the results of numerical modelling using
Ansys software of air flow through the diffuser-pipeline
system in three constructional cases of the diffuser part: dif-
fuser without flow guides, diffuser with two flow guides
and diffuser with three flow guides. Three different flow
velocities in diffuser inlet cross-section were investigated:
5.6 m/s, 6 m/s and 25 m/s. In order to verify numerical cal-
culations laboratory tests were done for the average inlet
velocity of 5.6 m/s and two constructional cases:

1) diffuser without flow guides,
2) diffuser with two flow guides.

Analysis of laboratory experiments and numerical calcu-
lations indicates the complexity of flow mechanisms in the
investigated diffuser-pipeline system.

Results obtained by numerical analysis confirmed earlier
laboratory test results, showing that of the three construc-
tional cases, i.e. sole diffuser, diffuser with two flow guides
and diffuser with three flow guides, the best flow character-

istics is obtained for the diffuser with two flow guides. In-
troducing flow guides in diffuser construction causes limit-
ing the size of vortices, which suggests lower energy dissi-
pation (Fig. 7) than in case of the sole diffuser (Fig. 9).

In case of using the diffuser without flow guides, separa-
tion of the boundary layer occurs right after the inlet cross-
section (stream flow, Fig. 2).

Using a two-dimensional model for calculation of turbu-
lent flow phenomena can result in significant errors due to
limiting a three-dimensional turbulence phenomenon to
a 2D-constrained system.

Results obtained in laboratory experiment confirmed the
validity of adopting the k—€ model. An average discrepancy
of 10% observed between laboratory and numerical results
can be caused by using idealised boundary conditions (even
velocity distribution in diffuser inlet cross-section, station-
ary flow characteristics), as well as disturbing the flow of
air stream by the measurement probe and elements position-
ing the flow guides, visible in Figure 12¢, which is inevita-
ble during laboratory experiments.

The results obtained in this research form a basis for
broader investigation using more advanced techniques of mea-
suring a three-dimensional turbulent flow fluctuation in or-
der to provide more precise data for numerical calculations.
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