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1. Abstract

A three dimensional CFD analysis of
the flow in the diffuser of a gas turbine
has been carried out in order to
investigate possible causes for
mechanical failure of components at
low load regime. It was found out that
the flow was oscillatory under these
circumstances, with cycle duration of
30 ms.

2. Introduction

The motivation for the present work
lies in the need at IEC to operate GE
gas turbines at full speed - low load as
a "spinning reserve". However, when
operated in this manner, cracks
developed in the exhaust diffuser
assembly parts as well as considerable
deformation and loosening of bolts
connecting the diffuser to the exhaust
frame. Since GE were unable to make
any suggestions to correct the problem,
it was decided to investigate the flow
in the exhaust diffuser of these
turbines.

A Computational Fluid Dynamics
(CFD) model of the flow in the
diffuser was built and solved by means
of the existing commercial code Fluent
- UNS. The geometric configuration of
the flow domain was fully three
dimensional, with every detail of the
device accounted for.

Two flow regimes were calculated:
the base load (BL) and the full speed -
no load (FSNL). A steady state
solution was obtained for the BL

regime. However, calculation of the
FSNL regime led to the conclusion that
there was no steady state solution and
that the flow was oscillatory, having
cycle duration of about 30 ms
(corresponding to a frequency of about
185 Hz). This frequency is quite close
to the estimated eigen-frequency of the
structure (around 200 Hz).

3. Theoretical background

The flow and heat transfer in the
diffuser are described by the continuity
equation, Navier-Stokes momentum
equation and the energy equation for a
compressible ideal gas [1], omitted
here for the sake of brevity.
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Fig. 1: General outlay of diffuser

The working gas is a mixture of ideal
gases, corresponding to each of the two
regimes.

Fig. 1 shows the general outlay of the
diffuser. Part of the outer casing is
missing to allow seeing the interior.
The boundary conditions imposed
were as follows:
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• Insulated wall for both casings,
airfoils, supporting struts and
turning vanes;

• Prescribed velocity and
temperature distribution at inlet
from turbine;

• Prescribed outlet pressure at the
radial outlet from the diffuser
(1500 Pa, corresponding to the
pressure drop in the stack and
associated ducts).

The system of equations mentioned
above together with the corresponding
boundary conditions, was solved by
the Finite Volume Method (FVM)
using Fluent-UNS. The domain was
meshed in a tetrahedral unstructured
grid, consisting initially of 500,000
elements. Gradual solution - driven
grid adaptation was employed in the
course of the solution, to insure proper
resolution of boundary layers. The
final mesh thus reached 750,000
elements.

4. Results and discussion

Calculations were performed first for
the FSNL regime and then for the BL
regime. The composition of the burnt
gas flowing through the turbine as well
as the velocity and temperature
distributions in the inlet section were
prescribed according to experimental
measurements.

Straightforward steady state solution
of the equations proved impossible,
due to pronounced numerical
instability. Therefore, a solution
strategy based on the continuation
method was devised and implemented.
In both cases the solution was first
carried out in steady state mode for a
velocity distribution scaled down to a
quarter of the final desired. When
convergence was attained for this case,
calculations were continued in
transient mode, gradually increasing

the velocity distribution until the final
regime was attained. The "loading up"
of the solution in the second stage was
performed in a smooth manner, so as
not to induce any artificial, unwanted
oscillations.
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Fig.2: Inlet and outlet flow - rates for
the FSNL case. Observe the periodic
quasi - stationary nature of the flow.

The flow behaved differently in the
two regimes. In the BL case, when the
gradual "loading up" ended, both the
inlet and the outlet flow - rates
stabilized at the same value (440 kg/s).
In the FSNL case, though, at the
conclusion of the "loading up" phase,
small ripples developed in the flow -
rate vs. time diagram, evolving into an
oscillatory pattern (both for inlet and
outlet) with constant amplitude and
cycle duration. These oscillations are
shown in Fig. 2. It is easy to observe
the cycle duration of 30 ms from the
graph. The average flow - rate is seen
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Fig. 3: Total pressure history at
various sections along the diffuser for
FSNL. Surface 1 is the inlet and
Surface 5 is the outlet.
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to be about 300 kg/s (the figure shows
the flow - rate of half the problem, for
symmetry reasons), which corresponds
to the measured flow - rate to within
5%.

Figure 3 depicts the total pressure
histories of different sections along the
diffuser for FSNL. Surface 1 is the
inlet and Surface 5 is the outlet.
Observe how the average total pressure
decreases along the diffuser, while the
average static pressure increases (see
Fig. 4).

Time [s]

Fig. 4: Static pressure history at
various sections along the diffuser for
FSNL. Surface 1 is the inlet and
Surface 5 is the outlet.

Figure 5 depicts the history of the
force angular distribution on the
particular turning vane experiencing
the cracks development (vane No. 2).

Although the actual values of the
forces are quite small (see Fig. 5), their
periodicity with a 185 Hz frequency,
close to the eigen-frequency of the
structure itself, makes them a potential
cause for cracks development.

5. Conclusions

• The flow in the exhaust diffuser
of a gas turbine has been modeled by
a CFD technique.

• Two operational regimes have
been investigated.

> Periodic quasi - stationary flow
has been observed to occur during
FSNL operation (-185 Hz).

• This frequency is quite close to
the eigen - frequency of turning vane
No. 2, being the potential cause of
crack developed in this vane during
FSNL operation.
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Fig. 5: Forces on turning vane No.2

[N]. (a) x component; (b) y
component; (c) z component.
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