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ABSTRACT

Com bustor forms an integral part of a gas turbine power generating unit. It 

receives air from a compressor and delivers it at an elevated temperature to a turbine. 

The rise in air temperature is achieved by burning fuel in a combustor. The combustion 

products are then mixed with the additional air to achieve a suitable velocity and 

tem perature profiles at the turbine inlet. In aircraft gas turbine engines, where frontal 

area and weight are also critical, mainly annular combustors are preferred over can type 

or can-annular type. Annular combustors offer maximum utilisation of available volume 

with minimal light-around problem, less requirement of cooling air and are suitable for 

high tem perature applications. Selection of a particular type and layout o f the 

com bustor is determ ined largely by engine specifications but it is also strongly 

influenced by the desirability o f using the available space as effectively as possible. For 

large aircraft engines, the combustor is invariably of the straight-through type, while for 

small engines, due to whirling problem of the high speed shaft, annular reverse-flow 

combustors are widely used. Extensive review of the literature revealed that most o f the 

reported work pertains to straight-through combustors. However, conclusions drawn 

from these studies are not directly applicable for the design o f reverse-flow combustors. 

Literature on the reverse-flow combustors is limited to the simplified geometries.

W ith limited data available on the reverse-flow combustors, developm ent of 

computational fluid dynamic (CFD) capabilities in respect o f them have also been slow. 

There is a need for comprehensive investigations on these com bustors to generate 

data base covering various aspects of its design. Parametric studies are also required 

fo r the developm ent of CFD capabilities to design these combustors. The gap in
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knowledge on various aspects of the reverse-flow combustor has prompted the present 

study.

Annular passages in the combustor geometry play an important role and the flow 

characteristics in these passages directly affect the flow splits through the primary, 

secondary, dilution and cooling holes of a liner. The flow split through the primary holes 

govern the fuel and air mixing while split through the secondary and dilution holes 

decides the completion of burning and final temperature profile at the combustor outlet, 

respectively. The flow split through the cooling holes keeps the liner wall temperature 

under control. Performance of combustor is dependent on these splits occurring at 

various identified liner zones.

Recognising their importance, the present study has investigated the effect of 

inlet conditions on the flow characteristics in annuli and the flow splits through various 

liner holes. For achieving these objectives, separate test set-ups were designed and 

fabricated to carry out tests, under isothermal conditions, on the 120° sector model, the 

plane model and the prototype combustor of the reverse-flow type. Effect of inlet 

velocity profiles and Reynolds number on the flow characteristics in the outer annulus 

and at the exit plane of the 120° sector model have been investigated. In the plane 

model, effects of inlet Reynolds number and the pitch to diameter ratio have been 

studied to establish the flow characteristics in the annuli, in the liner and at the turn- 

section outlet. Measurements in the liner and the inner annular passage were done only 

for the plane model, as the inner annulus and the liner were not accessible for the other 

two geometries by intrusive probes. Exit flow for different inlet flow configurations have 

also been measured for all the geometries. Results of the model studies have been
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compared with the measurements taken in the outer annulus and the exit plane o f the 

prototype combustor for the purpose of establishing correlation. In addition to this, the 

effect of dump-gap and inlet swirl on the flow characteristics in the outer annulus and 

at the exit have been studied in the prototype combustor.

Measurements were taken with two miniature (OD= 1.0 mm) three hole probes 

using null-technique and the differential pressures were noted with 'Debro' 

m icromanometers (least count= 0.01 mm). Different measurement planes were 

identified in the models and the prototype combustor in order to evaluate axial and 

tangential/transverse velocities and the static pressure, at different measurement 

locations in the test geometries. A standard single hot wire probe with 'DANTEC’ 56C01 

constant temperature anemometer system has also been used to measure the flow 

characteristics in all the three geometries. The velocity measured by the hot wire were 

found w ithin ± 1.0 % of the values obtained by the three hole probe.

Flow predictions have also been done by adapting and upgrading a finite volume 

code. In these studies, nonorthogonal curvilinear grid were generated and the flow 

com putations were done in the annuli of the plane model and in the outer annulus of 

the prototype combustor. For modelling the flow in the annular passage(s), different 

rows o f the liner holes have been represented by an equivalent area slit at their 

respective positions. Predicted results have been compared with the relevant 

experimental results.

Based on these studies, the following broad conclusions are drawn;

1. Comparison of results obtained on prototype combustor and the combustor 

models establish that, while the sector model could provide an insight into the
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order of magnitude and qualitative comparison, the ‘plane model’ could be used 

for in depth understanding of flow in reverse-flow combustors with varying inlet 

conditions and geometric parameters.

In absence of any obstruction in the outer annulus, flow remained axial at every 

plane of measurement.

Dump-gap has been identified as an important parameter which influence 

velocity distribution and the flow split through the liner holes. In the present 

combustor design, 2 mm dump-gap has been found as an optimum gap which 

provide uniformly distributed axial and tangential velocities at respective planes, 

without the inlet swirl.

W ithout the inlet swirl, flow split through the outer dilution and primary holes was 

nearly 30 % and 8 %, respectively. Increase in the inlet swirl (up to S= 0.55) 

changes the flow split slightly through the outer liner surface and the turn- 

section. For higher swirl (S=0.84) large changes have been observed at each 

plane o f measurement. Further, increase in the inlet swirl intensity results in 

uniform axial velocity distribution and flat tangential velocity profile at the exit.
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