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COMPUTATION OF DEVELOPING FLOW THROUGH A SQUARE
CROSS-SECTIONED S-DUCT

Researcher: H. Li
Supervisors: B.E. Launder and H. Iacovides

1. OBJECTIVES

Aircraft engine inlet ducts are often S-shaped, particularly in single engined military aeroplanes.
In the design of such intakes it is important to be able to predict the distribution of the flow delivered
to the engine face as well as the pressure losses through the duct. The flow development is affected
by curvature effects acting directly on the mean flow and also indirectly by modifying the turbulent
field. The group's initial computations of S-duct flows were performed with a 3-D semi-elliptic code
employing an Algebraic Stress Turbulent Model over the duct core region and a low-Re ASM model
within the near-wall sub-layer. The main features of the flow development were correctly reproduced
by this first computation but the pressurc drop through the second bend was under-predicted. This
objective of the present effort has been to try to improve the quality of the initial predictions by
extending the ASM model over the sub-layer regions and also by employing a fully elliptic solver.

2. APPROACH

The conversion of the fully-clliptic code to a semi-clliptic one is relatively straight forward. For
reasons of computational economy the low-Re ASM model proposed by lacovides and Launder [1] was
further simplified so that the ncar-wall length scale was prescribed. The resulting model was first used
to predict 2-D flow through curved channels (Fig. 1). These 2-D tests allowed on evaluation of the
model’s ability to represent the effects of streamline curvature on near-wall turbulence. The simplified
low-Re ASM model was subscquently used in the computation of 3-D flow through a square S-duct
consisting of two identical bends of 22'4° angle and curvature ratio R/D=14 (Fig. 2). The bulk
Reynolds number was 48000.

3. RESULTS

Predicted profiles of the streamwise velocities used in the 2-D curved channel are compared with
the data of Ellis and Joubert [2]. Use of the ncar-wall ASM model brings the predictions significantly
closer to the measurements. Strcamline curvature is here sufficicntly great that even across the buffer
region its effects are significant; the ncar-wall ASM modcl employed is able to reproduce this effect.

In the case of the S-bend introduction of the ncar-wall ASM mode! did not have any significant
effect on the mean velocity predictions which, as shown in Figure 3, arc alrcady in good agrecment
with Taylor et al's [3] mcasurements. Use of the fully elliptic code did improve the static pressure
predictions and, as showr in Figurc 4, the usc of the ASM model in the near-wall regions brings the
predicted static pressure distribution in close agreement with the data.

4. CONCLUSIONS

The simplificd low-Re ASM devcloped in this study results in more realistic and satisfactory
predictions of curved channcl flows and S-ducts, than the ncar-wall 1-cquation modecl.
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