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Abstract:

Analysis of flow through the conical diffuser of an annular combustion system
is presented. The flow is assumed to be unsteady, quasi three dimensional,
compressible and turbulent. A k-¢ model was used to simulate turbulence.
Several area ratios and divergence angles were tested until circulation took
place. At this angle a snout was introduced to correct the flow. A control volume
method was used to solve the differ ential equations of the flow to obtain velocity
and pressur e coefficient distributions. The numerical results show that the axial
velocity decreases with diffuser length for a certain divergence angle. But it
increases with angle of divergence for the same area ratio, while the radial
component of velocity was found to increase with both. It was proved that the
snout can correct the flow whenever circulation takes place.
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Symbols: ¢ rateof energy dissipation [W/kg]
K turbulent kinetic energy. [kJ/kg] ® sourceterm

U veocity in X-direction [m/s] Ax normalized dimension

V velocity inr-direction [nm/s] Ar normalized dimension

P pressure [N/m’] u  viscosity [kg/m.s]

S radiation term p density [kg/m’]

B density term 6 Schmidt number [kg/m?

I diffusion coefficient subscripts:
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E,W,PN, S grid points

E,w,n,s control volume faces
Nb neighbors

t turbulent

e effective

€ kinetic energy

k dissipation rate

I ntroduction:

The flow exiting the compressor has a
relatively high velocity. For flame
stabilization purposes, this velocity has
to be reduced. To do so a diffuser is
incorporated ahead of the combustor.
This is becoming an essential part of
the combustion system. For flow
stabilization purposes this diffuser
should be as long as possible. But for
mechanical considerations it should be
as short as possible. Its length has
become a tradeoff issue. However, to
design a short diffuser, the angle of
divergence should be large. This could
be large enough to cause circulation of
flow. This means incurring areas of an
unacceptable loss of flow energy. One
method to correct for this is to
incorporate a snout in the diffuser.
There are several types of diffusers,
circular , or rectangular. Flow in the
diffuser can be turbulent due to high
Reynolds numbers and the adverse
pressure gradients which cause early
transition of laminar to turbulent away
from separation condition. Flow in
diffusers can generaly be assumed as
two dimensional. Incorporating a snout
separation can further be delayed and
can improve diffuser efficiency'” .

A vortex controlled diffuser was
described by Ringleh™? | which relied
solely on the aerodynamic design of
cusps in the diffuser walls to locate
vortices. The objective was to reduce
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the boundary shear stress experienced
by the flow in the region of high
adverse pressure gradients. This was to
be achieved by replacing the fixed wall
with a vortex rotating preferentialy in
the direction of flow. Only limited
success was obtained due to the
difficulty in retaining a stable vortex
system, as energy was lost within the
cusp by skin friction.

Weber ¥ studied the swirling flow
inside a conical diffuser. He derived
the momentum integral eguation from
elementary portion of the boundary
layer for both laminar and turbulent
flows. For the laminar flow an
appropriate velocity profile for u and
v were assumed using Pablhausen
method , where u and v are the
velocity components in X and 6
directions. The wall shear stresses
were evaluated using the gradients of
u and v inthedirection normal to
the wal. The momentum integral
equations were finaly put into a
dimensionless form. The equation
obtained was similar to that derived by
Taylort .

While for the turbulent flow, Weber
used the one seventh power
distribution of vg and vy . The
momentum equations was then solved
numerically to obtain the boundary
layer thickness and path of fluid
particles on the surface of the cone.

Theoretical Analysis:

The flow in the diffuser is assumed to
be unsteady, compressible and axi -
Ssymmetric. The continuity,
momentum, and energy equations
under these assumptions are™:
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Continuity equation:
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Gy can be found from the equation:

G wl2[(eudX)*(ovier)? +(vir)? +
(dulér + oviox)?]

where C; and C, are constants.
Iy and I, are the effective exchange

coefficients for k and ¢, respectively.
They are given by:

Meff
Tef = --mmmm-
O k et
Meff
rs eff = -
) ¢ eff

Tt , and T, are the effective
Schmidt numbers when k and ¢ are
assumed constants.

rk off =0.9

k2
rs eff = —/2
(Cz - Cl)CDl
where k =0.4
constant.
C=143,C,=192,Cpo=0.09

is the VonKarman

C,rk?

» Mt = KL+

where:

w. isthe laminar viscosity, and
L isthe turbulent viscosity.
The energy equation will be:
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Gover ning Differential Equations:
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hy - equation:
S =0, G——
d

ho

B=p,

o= ho

The calculation domain was divided
into a number of non- overlapping
control volumes, such that there is one
control volume surrounding each grid
point, as shown in Figures (1), and (2).

The Calculation Algorithm:

The calculation procedure follows the
following steps:

1- The finite difference coefficients
for the x momentum equation no.2,
are computed. The effective
viscosity and the source term are
obtained from appropriate physical
laws and modules.

The finite difference form of the x-
momentum equation no.2 is solved
by TDMA traverses using an
estimated pressure field. Thus
obtaining the U” field.

The finite difference coefficients
for the R — momentum equation
no.3 are computed. This is similar
to step no. 1.

The finite difference form of the
R-momentum eguation no.3 is
solved by TDMA traverse, using
the estimated pressure field. Thus
the V" velocity field is obtained.
The guessed velocity fields  of
steps2 and 4 are used to compute
sources in the pressure correction
which are the solved by the TDMA
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traverses. The resulting pressure
corrections are used to correct the
velocity and pressurefields.

6- Sectiona balance adjustments are
performed to satisfy strip wise
continuity of the U-velocity field
and of pressure. The V- velocity

field is obtained from local
continuity equation. This
completes the solution  of
momentum and continuity
equations.

7- For al other variables, the

exchange coefficients and source
terms are calculated from the K-

turbulence model given in
equations 4 and 5. the finite
difference coefficients are

calculated by solving the equations
using TDMA traverses.

8- Sectiona balance adjustments are
made with pressure adjustments
and the satisfaction of local
7ccg]nti nuity should be also ensured®

9- These steps are repeated until
convergence is obtained.

10- Once convergence is reached, then
the energy equation can be solved.

Resultsand Discussion:

The equations of  continuity,
momentum, and energy were solved
for axi symmetric flow using the
control volume method. It was noticed
that holding the inlet conditions, wall
length, and throat area constant while,
varying the divergence angle leads to
the following flow regimes: for
divergence angles 7°, and 15° there are
no appreciable stall as can be seen in
Figures 3 and 4.

For divergence angle of 25° there
were a large transitory stall as can be
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seen in Figure 5. The flow was
separated from both walls. Separation
darted just downstream from the
throat and resttach downstream the
diffuser exit. The flow was corrected
by a snout as can be seen in Figures 6
for axial velocity and 10 for the radial
velocity.

Figures 3 and 4 show the distribution
of the axial velocity U aong the
diffuser for an area ratio of 2.5. They
show that for the same angle, the
velocity decreases. But for shorter
diffusers the veocity increases with
angle of divergence.

Figure 6 shows the effect on flow
when incorporating a snout in the
diffuser. The flow well behaves and
circulation has disappeared.

Figures 7, 8 and 9 show the
distribution of the radia velocity
component V aong the diffuser. They
show that V increases with both
diffuser length and with divergence
angle due to divergence increase. The
values of V at the centre line stream
are very small where U is maximum.
Figure 9 aso show the effect of the
wall on thevalue of V.

Figure 10 shows the distribution of the
velocity component V' aong the
diffuser when a snout is incorporated.
It shows that the flow is corrected.
Figures 11,12, and 13 show the
pressure contours along the diffuser.
They show that the pressure increase
with length due to the reduction in
velocity by diffusion while it
decreases with angle of divergence.
Figure 14 shows the pressure contours
for a diffuser with snout. It shows a
well behave flow. Figure 15 is a
schematic drawing of an annular
diffuser with snout 2.
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Conclusions:

The following points

concluded:

1. The diffuser divergence angle can
be increased up to 25° without
incurring sensed separation.

At the angle of 25° a large

transitory stall occurs.

3. Incorporation of a snout has
proved to be effective to remove
the stall and correct the flow.

can be

4, k-¢ modd has been used
successfully to simulate
turbulence.

5. The axia vedaocity was found to

decrease with diffuser length and
increase with divergence angle for
the same arearatio.

The radial velocity component
was found to increase with length
and with divergence angle.
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