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ABSTRACT
Tip gap flow, arising from the clearance between blade tips
and the casing, is a prevalent feature in axial flow machin-
ery ranging from pumps and compressors to ducted propul-
sors. A modified NACA 66012 foil was developed by
our collaborators at the Australian Maritime College and
is deployed in several facilities for testing. Here, tests are
conducted in the UNSW Anechoic Wind Tunnel with tip
clearance heights ranging from 1 to 10 mm at 6◦ and 12◦

geometric angles of attack and with chord Reynolds num-
bers of 142,000 and 212,000. Lagrangian particle tracking
(LPT) is conducted in the gap region in conjunction with
phased microphone array measurements of the far field,
while near-field pressures are acquired through tip pressure
ports. All measurements are synchronized for future corre-
lation analysis. Velocity fields will be presented as well as
preliminary correlations between flow structures and pres-
sure fluctuation strength.
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1 INTRODUCTION
Tip leakage flow (TLF) is an inherent feature in axial-flow
machinery that is a source of performance inefficiency.
Fluid flows from the pressure side of a foil to the suc-
tion side through the gap between the foil tip and the ad-
jacent wall. This leakage flow generates multiple vortices,
of which the most significant are the primary vortex (PV)
and the secondary vortex (SV). The gap flow is inclined rel-
ative to the primary flow. When it exits the tip gap on the
suction side, it rolls up with the primary flow to form the
PV near the leading edge (LE). The SV forms due to the
separation of the flow from the foil surface in the tip gap,
typically in the trailing edge (TE) region where the blade is
too thin for the flow to reattach. The characteristics of TLF,
PV, and SV are all highly dependent on the incoming flow
and incoming wall boundary layer, the geometry and sur-
face quality of the foil and wall, the height of the tip gap,
and the angle of attack of the foil. Nondimensional ratios
of the gap height to the foil thickness and the gap height
to the boundary layer thickness as well as the angle of at-

tack are similarly shown to be key parameters impacting
the pressure fluctuation generation from TLF (Saraceno et
al. 2025).

The size of the tip gap affects the amount of flow through
the gap. A smaller gap reduces the flow through the gap,
and the pressure difference between the two sides of the
foil increases as less fluid can transit the gap. The PV
strength decreases with decreasing gap height, but the SVs
are observed to increase in number and in strength (You et
al. 2006). The location of the vortex core of the PV also
changes as the gap height changes. The vortex core moves
closer to the wall and farther away from the suction surface
as the gap height decreases (Dreyer et al. 2014).

Pressure fluctuation data for the tip gap flow show similar
trends with changing tip gap size. Generally, the tip gap
pressure fluctuations increases as the gap height increases
at zero pressure gradient conditions (Awasthi et al. 2026).
This is consistent with the increased flow through the gap
with larger gap heights. For small gap heights, the pressure
fluctuations are strongest near the LE and TE of the gap. As
the gap size increases, the fluctuations from the LE reduces
while the fluctuations from the TE increases. Likewise, the
fluctuations from the mid-chord region increases, but it is
eventually dominated by the TE fluctuations.

Characteristics of the wall boundary layer also impact TLF.
The tip of the foil may be immersed in the boundary layer,
so that the turbulent structures of the boundary layer inter-
act with the tip. The presence of the boundary layer weak-
ens the TLF and enhances the fluctuation of vortex struc-
tures associated with flow separation on the tip (Zhang et
al. 2022). Russell et al. (2024) show that the mass flux
through the tip gap is not dependent on the size of the
boundary layer, but thicker boundary layers will contribute
to greater fluctuations in the trajectory of the PV due to
ingestion of more turbulence from the boundary layer. Ex-
perimental examination of the interaction of the TLF with
the smallest-scale structures of the boundary layer needs
further investigation. The present study seeks to examine
this with near-wall LPT measurements in the tip gap.

Investigations of TLF have been conducted with a wide va-
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riety of methods. As it manifests in rotating machinery, it
has frequently been studied in systems with rotating blades
and cascades of blades (for example, Saraswat et al. 2025
and Ma & Devenport 2007). More recent studies have used
a simplified system with a single stationary blade (Grilliat
et al. 2007), which can adequately replicate the fundamen-
tal features of the TLF while simplifying the measurement.
In either case, prior work has focused on velocimetry, cav-
itation visualization, and surface pressure measurements.

The current study uniquely combines time-resolved La-
grangian Particle Tracking (LPT) with near- and far-field
pressure fields. LPT is a powerful technique for investigat-
ing flow fields in 3D with high spatiotemporal resolution; it
is adapted here to study TLF with a single stationary blade.
This alone will offer new insights into the flow features of
TLF. By synchronizing LPT data with pressure fluctuation
data, and recording long experimental runs, this study aims
to also match flow features to pressure fluctuation sources.

This experimental study seeks to provide insight on the
inception and behavior of the PV and SV through time-
resolved LPT in the near-wall region in and around the tip
gap. Additionally, it seeks to pinpoint the sources of pres-
sure fluctuations in the tip gap region by correlating time-
resolved flow field measurements in the tip gap region with
near- and far-field pressure fields measurements.

2 EXPERIMENTAL SETUP AND METHODS
This experiment was conducted in the UNSW Anechoic
Wind Tunnel (UAT). A detailed description of the UAT can
be found in Awasthi et al. (2026). The facility is an open
jet with a 0.455 m x 0.455 m test section set in a 3 m x
3.2 m x 2.15 m anechoic chamber. The chamber walls are
covered with 0.25 m thick melamine foam to make the en-
vironment anechoic above 300 Hz. The top and bottom
plates of length 825 mm on the test section inlet create a tip
gap flow. There are also two 350 mm long side plates on
the test section.

The foil in this study is a 3/4 scale model of the modified
NACA 66012 described in Russell et al. (2022) with an
altered tip. The spanwise geometry of the foil is shown in
Figure 1(a). The tip segment and the base segment have
constant profiles, with a tapered segment around the mid-
dle third of their span. The base segment has a 2% camber,
while the tip segment has a 4.6% camber (Figure 1c). The
foil tip has a chord of c = 212.3 mm and thickness t = 25.4
mm. The edges of the tip are rounded to reduce flow sepa-
ration. This rounding is lofted and elliptical at the leading
edge. From 10% chord to 45% chord, the rounding is a
constant radius of 3.8 mm. The rounding then reduces to
nearly zero from the 45% chord location to the TE. The foil
can be translated vertically with a linear traverse assembly
to adjust the tip gap height, and it can be rotated to adjust
the angle of attack.

In this experiment, tests were run at flow speeds ofU∞ = 10
and 15 m/s (Rec = 142,000 and 212,000), tip gap heights
of h = 1, 3, 5, and 10 mm, and geometric angles of attack
of �g = 6◦ and 12◦. Boundary layer parameters calculated
for position 1.26 m downstream of the test section inlet are

found in Table 1. Gap heights normalized to the bound-
ary layer parameters at 10 m/s and 15 m/s flow speeds are
shown in Table 2 and Table 3, respectively.

Table 1: Boundary layer parameters calculated 1.26 m down-
stream of the test section inlet.

U∞ � u� l� Rex Re� Re�
(m/s) (mm) (m/s) (�m)

10 19.4 0.36 41.5 840,000 1,700 470
15 18.8 0.62 24.0 1,260,000 2,500 790

Table 2: Tip gap heights and Reynolds numbers at U1 = 10
m/s.

h (mm) Reh h=� h=l�
1 670 0.05 24
3 2,000 0.15 72
5 3,300 0.26 120
10 6,700 0.52 241

Table 3: Tip gap heights and Reynolds numbers at U1 = 15
m/s.

h (mm) Reh h=� h=l�
1 1,000 0.05 41
3 3,000 0.16 125
5 5,000 0.27 208

10 10,000 0.53 417

2.1 Pressure Fluctuation Measurements
The foil is designed to accommodate the replacement of
the tip to study various geometries. The primary foil tip
used in this experiment (Figure 1b) is outfitted with 16 sur-
face pressure taps along the camber line on the flat surface
and 13 taps on the rounded suction side edge for surface
pressure fluctuation measurements (Figure 1d). These taps
are connected with needles and vinyl tubing running in-
side the foil to remote microphones (GRAS 40 PH-10 1/4
inch microphones; � 2 dB pressure field response up to 15
kHz) that are housed inside 3D-printed cavities containing
T-junctions. The surface pressure signal is routed to the
remote microphone from one end, and the other end is con-
nected to a 3 m long vinyl tubing as an anechoic termina-
tion. The setup is calibrated in-situ with a hand-held com-
parison calibrator containing a Visaton B 100 loudspeaker
and an unmodified reference microphone, following the
same remote-microphone procedure used by Awasthi et al.
(2026). Consistent with that calibration, only the 100 Hz–
6 kHz band is interpreted for the tip-pressure spectra and
RMS values reported below.




