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Abstract
Wind-tunnel (WT) tests were conducted with hot-wire anemometry (HWA) to map the boundary layer (BL)
prior to an open-narrow cavity of L/D = L/W = 3, at U∞ = 10-20m/s, for comparison to the BL in absence of the
cavity. Changes in upstream (U/S) geometry via fuselage and nose curvature were also used to alter the BL
profile, and observe the impact on cavity response in comparison to a flat-plate baseline, with and without the
cavity. Cavity response was indicated by internal unsteady surface pressure (USP) measurements. Results
highlight a measurable change in BL profile when a cavity is present, compared to when absent, in all cases.
BL profile also changed for each U/S geometry, prior to the cavity, altering internal cavity response, in all cases.
This finding of a thin BL returning more energetic cavity excitation is consistent with the literature, in contrast
to a thick BL, which attenuates the cavity response. These findings hence highlight the impact of altered U/S
geometry from a flat-plate, and it’s effect on the BL. They also show initial flat-plate BL disturbance thickness
δ , must also be considered in conjunction with turbulence intensity (TI), displacement δ ∗ and momentum
thickness θ , for a full picture of flow response, as the cavity impacts the U/S BL structure in the presence of
feedback. This work is part of a larger study, aiming to discretise BL phenomena with respect to; TI, δ , δ ∗ and
θ , and how each is manipulated by geometry, in the presence of a cavity down-stream (D/S), for prediction of
cavity spectral response and feedback.
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1. Introduction
Cavity flow has been extensively studied in it’s most detrimental forms; landing gear and bomb bays,
with effects of; increased drag leading to higher fuel consumption, noise resulting in instrument in-
terference, and structural fatigue. Research has covered a large range of Mach M∞ and geometry
to understand, model and control the flow. However, limited work has covered the BL effect, and
how it couples to the flow. Nonetheless, literature observant of the U/S BL[1–6], has highlighted the
importance of mapping its flow structures prior to the cavity, as they provide valuable insight into the
phenomena. In the following paper, HWA has been used to identify, map and correlate the U/S BL
profile and how it changes in the presence of a cavity, and in response to varied U/S geometry. Fur-
ther work, will use this analysis to distinguish U/S flow structures in the cavity response, and cavity
feedback structures in the U/S BL itself, with potential to correlate change in temporal flow input, and
update real-time data toward more accurate prediction of cavity flow.

1.1 Cavity Flow Phenomena
Cavity flow at subsonic Mach numbers have aero-acoustic feedback mechanisms, with high inten-
sity vortical structures, capturing large self-sustained pressure oscillations (SSOs), fluctuating in the
bounds of and interacting with a shear layer (SL) per Figure 1. Form, magnitude, and location are
determined by how the U/S BL separates into a SL, which impinges at a certain location in the cavity,
dependant on internal geometry and momentum, defined by L/D, L/W , M∞, δ and θ . Resonance
can occur, with evidence at the cavity mouth suggesting associative dominance of SL instabilities.
These structures form at BL separation, and convect D/S, further magnified by interaction with ideal
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geometry, to form the feedback system responsible for dominant resonant tones. Mass exchange
also occurs, as the SL expels energy on upward oscillation moving D/S, exchanging mass on down-
ward oscillations, further exciting internal and SL instabilities. Overall, the SL, and how it forms and
interacts with the cavity is most important. However, there is a lack of agreement on the SL formation
from BL separation, with no agreed method to predict the entire spectral response given BL data, or
the impact of cavity flow feedback U/S.

Figure 1 – The Cavity Flow Mechanism

Assuming uniform flow structure in all cavities is an oversight, as many parameters contribute to the
SL and internal flow field. Even though similarities are shared, differences exist, which are dependant
on geometry and U/S flow. Classification of; open, transitional and closed type flow, is dependant on
how the SL interacts with cavity geometry. In closed (L/D> 10), the SL sweeps inside attaching along
the floor, separating again before the trailing edge (TE). In open (L/D < 5), the SL bridges the cavity
attaching near the TE. Transitional, is a region between where the SL appears to lean toward either
with modality of both apparent modes. L/D is a requisite to define the flow type. However, U/S the
BL can extend the boundaries, where a thick BL requires a longer cavity to establish open/resonant
characteristics. In this case, the flow field tends towards closed less resonant response, but a thin BL
tends towards open/resonant, proving the impact of U/S BL on cavity response. Similarly, a narrower
cavity L/W > 1, will tend toward closed compared to a wide geometry. It is known, irrespective of BL,
characteristic pressure oscillations and acoustics can still occur. However magnitude with respect to
noise and propagation differs significantly based on BL. This study observes turbulent BLs of varying
shape, due to changes in U/S geometry; flat, parabolic, ogival and conic, concluding on evidence the
U/S BL is a primary governing factor.

1.2 Review
Considering U/S BL effects on cavity flow, Karamcheti[7] initially aligned a random buffet and weak
resonant cavity response to a turbulent U/S BL, which is in contrast to a periodic pressure, and thus a
distinct acoustic tonal response to a laminar U/S BL. It should be noted, a cavity subject to a turbulent
U/S BL required larger L/D than a laminar U/S BL, at fixed M∞ and W , to establish periodicity for a
resonant acoustic response. Roshko[8] observed changes in modality and amplitude with increasing
δ/D. Charwat et al[9] also perceived change in the point of transition between open and closed flow or
(L/D)cr as δ increased, almost independently of M∞ and Reynolds Number. Block & Heller[10] proved
the effectiveness of increasing δ to reduce noise. However effectiveness decreased with increased
M∞ or L/D as flow transitioned open to closed, altering the noise mechanism from classic resonator
to periodic, which is apparently less δ dependant.

Sarohia[1] studied changes in laminar BLs on oscillatory cavity response, and amplified disturbances
in the SL at low M∞. Resulting cavity oscillations were observed to coerce large lateral SL motion
close to the TE, causing periodic shedding of vortices from the TE at the same frequency. These
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oscillations requiring a minimum length Lmin, where for δ/D < 0.5, if Lmin/δ
√

Reδ < 290, no oscillations
occurred. Thus, increasing δ delayed oscillation onset, until a sharp increase at Lmin/δ

√
Reδ for

δ/D > 0.5, where no oscillations occurred, and decreasing D stabilised SL laminarity. Thence, D
appears to have little impact on oscillation when ≈ δ , due to a stabilising SL effect in response to
the laminar BL. Strouhal Number NST was also found to be lower when subject to a turbulent BL
compared to laminar, and transition to turbulent flow in the SL was postponed by an U/S laminar BL,
in the presence of large amplitude periodic oscillations, until Lmin where transition occurred.

Scheiman[2] created a fully turbulent BL with vortex generators prior to a cavity, and aligned propor-
tional tone attenuation alike [1; 7; 10]. Ahuja & Mendoza[11] thickened the BL to eliminate noise, and
aligned resultant attenuation to dispersion of the SL at δ/L ≈ 0.07. Further proven by control meth-
ods to physically disperse the SL to remove detrimental fluid phenomena, i.e., LE steady jet blowing,
this thickened the BL, dispersing the SL, reducing tones[11]. Colonius and Rowley et al[12; 13] varied
BL δ , and found laminar separation at the LE to be the cause of Wake Mode (WM), or high drag
mode, due to resultant high pressure on the aft wall and low pressure on the fore. This caused by an
increase in separation resistance, where a thick turbulent BL separated quicker, increasing pressure
on the fore wall, and preventing oscillatory growth and convection into WM. Therefore, thickening the
BL reduced tonal amplitude and drag. Milbank[3] altered flow impingement location before a cavity
to observe change in oscillatory response. They found a cavity closer to flow impingement, with a
proportionally thinner BL, responded more periodically to local fluctuations than a cavity further D/S
in a fully developed thick turbulent BL, which filtered tones and ceased transition to WM alike [12; 13].

Grace et al[4] observed a laminar U/S BL to result in only a single internal vortex in their cavity, which
was 31% stronger and closer to the TE, than produced by a turbulent U/S BL, with mean flow of neg-
ligible vertical velocity near the TE. The turbulent BL was of greater impact U/S, due to production of
mean flow at the TE, moving U/S with a positive vertical velocity closer to the wall. Flow D/S was also
found to converge on flat-plate turbulence at a slower rate, due to a turbulent BL U/S. The resultant
random buffet delayed transition, whereas the more periodic laminar BL likened to the condition. This
was further proven by Chang et al[5], who studied the BL separation. Their laminar BL produced SL
instabilities convecting streamwise. In this case, initial interaction with internal recirculation disturbed
the LE shed spanwise vortices as they approached the TE, and were clipped into small hair-pin struc-
tures, convecting D/S aft the cavity. The turbulent BL had a broader spectrum with more recirculating
flow U/S, and a strong normal velocity component, which produced SL buffet streamwise from incom-
ing coherant structures. This effect influenced SL eddy formation. This resulted in convection as a
randomised interaction, instead of the large spanwise structures formed by the laminar BL. Random
buffet of the turbulent BL, also impacted mass exchange. For a laminar BL, with no random buffet,
mass exchange was simultaneous between internal injection and external ejection via large scale
spanwise vortices D/S. However, random buffet from the turbulent BL accelerated ejection, removing
flow uniformity as the SL was perturbed U/S externally delaying flow injection in main recirculation.

Seena & Sung[14] extracted DMD modes from an open cavity in response to a thick turbulent BL.
They found no abundant oscillatory features, though BL structures were coincident in the viscous
SL along the cavity mouth in frequency, but differing in wave number space. However, a thin BL
produced large-scale structures from LE separation, resulting in formation of a fully coherent and
structurally dominant dynamic peak. These peaks were aligned to the large oscillatory pressures of
SSOs coincident with Rossiter Mode 3 in frequency and wave number space. Therefore, resonant
SSOs only occur when the U/S BL and SL are coincident in frequency and wave space. Gharib &
Roshko[15] studied periodic SL SSOs and their relation to drag based on U/S BL. They identified the
requirement for a thin BL to form SSOs, and high drag WM. For their conditions, SSOs only occurred
when L/θ ≥ 81, below which the SL bridged and oscillations ceased, so L/θ = 81 was the location of
fundamental frequencies. Rossiter mode 2 was aligned to SSOs, where increasing L/θ decreased
Mode 2 frequency, which then jumped to mode 3 dominance, and also decreased in frequency, until it
was intermittent and disappeared. Thus a thin BL was required to develop SSOs, and mode switching
occurred in the region between dominance, based on ratio L/θ .
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Karamcheti[16] studied thin and thick turbulent U/S BL effects, and perceived no SSOs or WM for
D/θ < 15. Over the threshold however, amplitude increased enabling recirculating flow to shift to ab-
solute SL instability and form SSOs and then WM. Therefore, it was found a very thick BL decreases
fluctuation amplitude inhibiting SSO formation and WM transition, reducing radiated acoustics by in-
creasing Lmin for oscillation. Haigermoser et al[6] performed PIV on subsonic open flow with a very
thick turbulent BL L/θ = 18 and identified SSOs despite L/θ < 81. However, they correlated irregular
SL vortex shedding to similar coherant structures in the turbulent BL U/S, indicating dependence on
the BL for SL instability. This agreed in theory with [15], but disagreed on the limit. Kang et al[17] also
disagreed on the limit, identifying statistically characterised SSO vortical structures in open cavity
SLs in response to low M∞ and a thick turbulent BL L/θ < 81. It must be noted, Gharib & Roshko [15]
had an axisymmetric cavity of infinite-W , and Haigermoser et al [6] and Kang et al[17] had a finite-W .
Hence formation of SSOs, whilst dependant on BL as L/θ and δ/D, also dependant on W .

In summary, it is apparent cavity SL structure depends on U/S BL, with respect to the formation of
coherant structures, modality and wave space. Further, a sufficiently thin BL is required in the LE
vortex shedding, to form SSOs, WMs as a high drag mode, stable TE fluid mass exchange, and
radiation of acoustic tones. Overall, U/S characteristics are primarily linked to cavity flow response,
and must be considered as the nature and presence of fundamental flow features change.

2. Experimental Set-Up
HWA and USP were used to record flow data from the BL leading, up to and within a cavity, to
assess how the BL is altered by varied U/S geometry, cavity presence, and the BLs impact on cavity
response. Airspeed was U∞ = 10-20m/s, which is M∞ = 0.03-0.06. Ambient conditions are provided
within the wind tunnel test matrix in the Appendix.

2.1 Wind Tunnel
The University of Sydney Closed-Circuit Low Speed Aerodynamics WT has an airspeed range of U∞

= 1-70m/s and BL δ ≈ 39mm. Before the test section, air follows an octagonal cross-section with a
bell mouth followed by a settling chamber of two screens. A contraction accelerates the flow into a
(4 × 3)ft test section. Due to the model’s relative size and position in the WT, wall interference and
blockage was calculated to be negligible, and no related corrections were therefore made. Airspeed
is controlled by correlated fan RPM after the test-section, measured with pitot tubes U/S and D/S.

2.2 Cavity Model
A single cavity geometry was used, with four U/S geometries altering the BL prior to the cavity.
These results were bench marked against the BL over the same U/S geometries with no cavity
present, providing a total of eight HWA traverses. The cavity is open-narrow per L/D = L/W = 3,
with L = 180mm and D =W = 60mm, within a �100mm cylinder emulating a fuselage. This body was
mounted to the WT floor with a protrusion height of 84.4mm. Cylinder length was 505mm, including
exchangeable U/S nose cones; conic, ogive and parabola, their centre above the WT BL. Cavity D
in the fuselage varied spanwise with cylinder curvature, introducing additional effects, to show the
impact of applied geometry, i.e., vehicle curves. This geometry was compared against a baseline flat
cavity of the same L/D, L/W . Figure 2 is a schematic of the set-up.

2.3 Hot-Wire Anemometry
2.3.1 Mount Structure
The WT test-section had a removable roof, which was supplemented with a cut-out roof to insert the
HWA probe. A translation stage was used to control probe location via an external mount, separated
from the WT, to remove WT vibration. The mount was a �12mm stainless steel rod, extending into
the WT via the roof cut-out, with a small cut-out at the rod LE for the probe to sit. The probe had an
interference fit, which was then secured with a lock-clip, and the steel rod was locked to the translation
stage with a stainless steel lock-clip with a tight fit, to reduce vibration. Figure 3 shows the set-up.

4



HOT-WIRE ANEMOMETRY OF THE BOUNDARY LAYER PRIOR TO A CAVITY IN RESPONSE TO VARIED
UPSTREAM GEOMETRY

2.3.2 Instrumentation and Acquisition
A Dantec Dynamics Streamline Pro was used, with; constant temperature anemometer (CTA), in-
tegrated measuring system interfaced to PC with an NI Daq A/D device, single-axis 90◦ probe, BL
sensor, automatic-calibrator, and 3-axis traverse with an ISEL IMC-S8 Step Controller. The system
enabled instantaneous measurement of fluid velocity to calculate statistical derivatives of; mean ve-
locity UM, turbulence intensity (TI), high order moments and spectra traversing points in space, with
coincident pre and post calibration using polynomial derived constants. Each traverse moved through
30 logarithmically distributed points over 270mm in the Y-axis (vertical), to capture the Newtonian BL
development at a constant point, centered U/S of cavity LE; X = -5mm, Z = 0mm, for all eight cases,
totalling 240 points. A script was written to interface the CTA, A/D and PC, to record, and store data.
The script established a connection, then looped through taking a measurement and moving Y-axis
position, until all points were recorded, then increasing U∞ to repeat. Each measurement was taken
for t = 60s at a rate of SR = 2 fmax = 215Hz per Nyquist criterion, for N = 1.97 ·106 samples,

Figure 2 – Schematic of Cavity Model

Figure 3 – Hot-Wire Mount Structure Schematic

2.3.3 Data Conversion, Calibration and Uncertainty
A transfer function was used to map CTA voltage output (E) to velocity (u), to enable local veloc-
ity (ui) derivation. The function was established through pre and post calibration, where the sensor
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was exposed to known velocities, records response voltage, and fitted data to a curve. The Dantec
automatic calibrator was used, simultaneously exposing the sensor to a free-jet, and tracking tem-
perature to update the curve. Equation 1 was the function using a 4th order polynomial curve with
constants C0 −C4, and linearisation error of < 1%[18]. Test velocities were U = 10−20m/s, providing
a calibration over U = 1−30m/s with 50 interval points, based on; U = 0.1 ·Umin −1.5 ·Umax

[18]. During
the test intermediate pitot measurements were also taken to adjust for sensor drift[19]. Correction for
re-scaling, temperature and velocity decomposition is integrated within the Dantec system. Standard
ISO uncertainty was used; i.e. a 95% confidence interval, multiplying standard uncertainties Uyi by
coverage factor ki = 2, combining contributions Uyi from individual input variance xi to a total, with
output variance yi = f (xi), and relative standard uncertainty u(yi) as a function of input standard de-
viation in Equation 2. S is sensitivity factor (∂yi/∂xi) from [18], for total relative expanded uncertainty
Utot , with facets prescribed in [18].

Ui =C0 +C1 ·Ei +C2 ·E2
i +C3 ·E3

i +C4 ·E4
i (1)

u(yi) =
S
yi
· ∆xi

ki
→ Utot = 2 ·

√
∑u(yi)2 (2)

2.4 Unsteady Surface Pressure
2.4.1 Instrumentation and Acquisition
A Scanivalve 4264/64Px Miniature Pressure Scanner (MPS) was used. A script was used to extract
data over t = 10s at maximum Scanivalve SR = 800Hz for N = 8000. Internal cavity surfaces were fitted
with 258 pressure taps on the fore and aft wall (150), floor (108), and each nose cone had a varying
number due to geometric limits: conic (51), ogive (50), and parabola (46). Each tap was a �1mm
drilled through hole, accommodating a brass tube of outer �1mm and inner �0.8mm, with a flexible
plastic tube of minimum possible length to the pressure scanner at 0.5m, outer �2.4mm and inner
�0.8mm attached with an interference fit at both ends.

2.4.2 Reduction, Uncertainty and Error
Pressure Coefficient CP was computed with Equation 3; p is tap pressure and p∞,ρ∞,U∞ are free-
stream pressure, density and velocity, respectively. Scanivalve measures the numerator, thus CP was
computed by taking each measurement, and dividing by the denominator of dynamic pressure q∞

for the run. Time averaged pressure or Root-Mean Square (RMS) was computed using Equation
4. Tube distortion is an error due to variation of oscillatory pressure applied at one end of a tube,
when the other end is connected to a pressure sensitive element. An elementary method based
on incompressible viscous flow, modified for compressibility to update finite pressure amplitudes,
appreciable fluid acceleration, finite length tubes and thermal effects, was derived by Iberall[20]. This
method is used to compute lag and attenuation of a sinusoidal oscillation in a transmission tube.
Bergh & Tijdeman [21] applied this method with a recursion formula to update dynamic pressure
response of a pressure scanner, akin to the present Scanivalve set-up, with a series-connection of
j thin tubes and j volumes per Equation 5, relating sinusoidal pressure disturbance in volume Vj

to pressure disturbance in preceding Vj−1 and following volume Vj+1, to derive pressure input by
successive j = N,N-1,...2,1. All values for the calculation are provided by Scanivalve in [22]

CP =
p− p∞

1
2 ρ∞V 2

∞

(3) CPRMS =

√
∑

N
i=1 xN

i
N

(4)

p j

p j−1
=

[
cosh

〈
φ jL j

〉
+

Vv j

Vt j

(
σ j +

1
k j

)
n jφ jL j · sinh

〈
φ jL j

〉
+

Vt j+1φ j+1L jJ0
〈
α j

〉
J2
〈
α j+1

〉
Vt j φ jL j+1J0

〈
α j+1

〉
J2
〈
α j

〉
·

sinh
〈
φ jL j

〉
sinh

〈
φ j+1L j+1

〉 ·{cosh
〈
φ j+1L j+1

〉
−

p j+1

p j

}]−1 (5)
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2.5 Experimental Error
1. Sensor Position: a limit was imposed due to model curvature, probe structure and to avoid

breakage. The traverse zero position was held constant relative to the WT axis, this meant sensor
position relative to the model slightly varied for each geometry. This is noted in Figure 4 and 5,
where the flat and parabola case have more variation, lower on the Y/δ0.99 axis, as the sensor
could get closer to the surface without wire or probe bending/breakage. This error is acceptable
for present research, to perceive variation in the BL profile in response to U/S geometry, and cavity
presence, which remains apparent.

2. Airspeed: the WT airspeed controller was due for calibration, thus slight deviation was observed
in comparison to hot-wire calibrated recordings in an empty tunnel. Therefore, tunnel airspeed
was instead indicated by a HWA taken in the upper section of the tunnel outside the BL, to enable
adjustment of indicated airspeed to the test-point, updated with pitot-static tube alignment for
accuracy with data recorded to update values.

Note: following wire breakage, a new-wire was calibrated, installed at the same position with resis-
tance re-aligned, and the test redone. Any error due to comparison between wire, is thus accounted
for by re-calibration per Equation 1.

3. Results and Discussion
The following results map BL profile U/S of a cavity LE, to correlate cavity response with altered U/S
geometry, the impact of a cavity on the BL itself, and how U/S geometry alters cavity response. Figure
4 shows normalised results of mean velocity, the ratio of mean local uM to free-stream U∞ velocity;
u/U∞ against location in the Y-axis relative to empty WT BL δ0.99 = 39mm. Figure 5 is turbulence
intensity (TI) against Y/δ0.99, indicating variation in local velocity ui over sample time t = 60s, at each
Y-axis point, as magnitude of relative system stability, or ratio of local velocity root-mean square
(RMS) uRMS within samples N, over mean local velocity uM: T I(%) = (uRMS/uM).

Figure 4 – HWA BL Mean Velocity (UM,m/s) at 10, 15, 20 m/s

Figure 5 – HWA BL Turbulence Intensity (TI,%) for Tunnel Setting at 10, 15, 20 m/s

7



HOT-WIRE ANEMOMETRY OF THE BOUNDARY LAYER PRIOR TO A CAVITY IN RESPONSE TO VARIED
UPSTREAM GEOMETRY

In Figure 4 and 5, when the cavity is not present, it’s apparent U/S geometry alters the BL profile
shape and magnitude with regard to u/U∞ and TI, especially between the flat baseline case and
nose shapes. The flat case, exhibits a standard flat-plate Newtonian BL profile, with reduction in
local velocity relative to the free-stream within the BL, until the disturbance thickness δ0.99 ≈ 39mm.
However, the nose-cones which were elevated out of the tunnel BL δ , experience free-stream velocity
U∞ impingement at the cone LE. In this case, the flow is accelerated along the positive gradient of the
nose cone D/S with flow retardation towards the main body of the model[23]. This causes a relative
increase in local velocity u at the cone TE and thus cavity LE compared to the U∞ outside the BL, in
line with flow physics of Falkner-Skan’s[24] for wedge flow, adapted from Prandtl BL theory[23].

Similar trends are present for almost all U∞, aside from the parabola case in presence of a cavity,
where TI reduces proportionally with U∞ per Figure 5, and u/u∞ increases with airspeed U∞ per 4. The
latter is representative of a relative increase in flow development over the nose cone with increasing
airspeed, toward ideal flow acceleration per [24], compared to a very turbulent unstable profile at
U∞ = 10m/s, where viscosity is more abundant. At U∞ = 15m/s, a blip is perceived at Y/δ0.99 ≈ 0.25.
This is an accidental repetition of the prior Y/δ0.99 point due to similarity in the x-axis value, also
observable in Figure 4 and 5 is experimental error (2) per Section 2.5. In this case, slightly more
variation is perceived for the flat and parabola cases, as the sensor could get closer to the surface.

In all cases, a consistent increase in plot curvature magnitude and gradient is observed between
cavity presence and cavity absence. This indicates the cavity increases local viscous effects within
the U/S BL, slightly thickening the BL profile, thus increasing turbulence and reducing local velocity
within the profile. The ogive case remains consistent between airspeed, and also in the presence of
the cavity, suggesting a potentially ideal geometry for reducing the increased viscous effects of cavity
presence. However, it’s possible the effect may become abundant with increasing airspeed. Char-
acterisation of cavity effect on U/S BL flow, is in progress, using spectral analysis of a larger, more
discrete data set of external and internal HWA and USP. To parameterise the U/S BL and viscosity
due to cavity presence, and thus D/S effects on the cavity itself for optimised spectral prediction of
cavity response including feedback effects.

Figure 6 – Cavity Surface Response: Coefficient of Pressure Root-Mean Square

Figure 6 is a plot of CPRMS , over the U/S and internal surfaces of the cavity, for each U∞ and U/S geom-
etry. Along with Figures 4 and 5, Figure 6 highlights a clear shift in USP response U/S and internal
to the cavity, due to change in U/S geometry. The conic nose produces more unsteadiness on the
internal surfaces, especially fore wall and floor, this effect increasing with U∞. It must be noted at
10m/s, WT flow stability in the test section isn’t uniform so the data isn’t ideal for comparison. How-
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ever, it was included to show the impact of a more intense fluctuating flow on the relative magnitude
of change for cavity response. As U∞ increases however, flow is known to straighten in the WT U/S.
This causes an initial reduction in pressure fluctuation intensity. Though a proportional increase in
CPRMS is then observed in the cavity with U∞. This is less apparent for the flat case, along the floor of
the cavity, as the U/S BL profile had a high level of TI, which would filter any large changes within this
regime. However, the lower levels of TI, but higher level of flow acceleration over the nose cones, has
caused relative uniformity in the flow, resulting in a more periodic cavity response. This is possibly
due to less flow separation, enabling larger and more periodic shedding of vortices at the LE, versus
noisy random bursts in the flat case, due to the thick turbulent BL.[7; 8; 15].

4. Conclusions
Each LE BL profile, generated though several fuselage geometries, impacted cavity response. The
conic shape had a notable impact on the cavity, consistent with the highest level of flow acceleration
U/S. This led to a LE separation with a higher velocity and resulted in a more unsteady response, with
a 10% increase in unsteady RMS fluctuations on the cavity floor, potentially due to a slight reduction
of TI. Here it is thought that the accelerated flow reduced local viscous effects[24], enabling higher
periodicity in LE shed vortices[7], hence higher CPRMS . Especially considering comparatively high TI
and BL δ of the flat case, this BL characteristic appeared to give a less intense response, overall
indicating the impact of BL profiles on cavity response.

The cavity presence also impacts BL development, especially the viscosity gradient, expected to be a
result of flow feedback within the cavity, which can be isolated when observing the BL in the absence
of a cavity. Further work will categorise spectra response via DMD, spectral and statistical analysis,
in alignment with the cavity and BL energy. This future work to will derive a mathematical correlation
between the two quantities, for integration into cavity flow prediction models.
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Appendix: Wind Tunnel Test Matrix

Table 1 – Wind Tunnel Test Matrix of Ambient Conditions

Nose Cavity U∞(m/s) ρ∞ (kg/m3) µ∞ (Pa.s) T∞ (C◦) P∞ (kPa) Re. No.
Conic Yes 10 1.16 1.86E-05 29.6 100.6 7.6E+05
Conic Yes 15 1.16 1.86E-05 29.6 100.6 1.1E+06
Conic Yes 20 1.18 1.84E-05 25.5 101.1 1.6E+06
Ogive Yes 10 1.18 1.84E-05 25.8 101.0 7.8E+05
Ogive Yes 15 1.18 1.84E-05 25.9 101.0 1.2E+06
Ogive Yes 20 1.17 1.84E-05 26.1 100.8 1.6E+06
Parabola Yes 10 1.20 1.83E-05 23.7 102.6 8.0E+05
Parabola Yes 15 1.20 1.83E-05 23.9 102.6 1.2E+06
Parabola Yes 20 1.20 1.83E-05 24.3 102.6 1.6E+06
Flat Yes 10 1.15 1.86E-05 30.6 100.4 7.5E+05
Flat Yes 15 1.15 1.86E-05 29.8 100.2 1.1E+06
Flat Yes 20 1.15 1.86E-05 30.5 100.2 1.5E+06
Conic No 10 1.16 1.87E-05 31.8 101.5 7.6E+05
Conic No 15 1.16 1.86E-05 30.8 101.5 1.1E+06
Conic No 20 1.16 1.86E-05 30.7 101.4 1.5E+06
Ogive No 10 1.17 1.86E-05 30.0 102.0 7.7E+05
Ogive No 15 1.17 1.86E-05 29.8 102.0 1.2E+06
Ogive No 20 1.17 1.86E-05 29.7 102.0 1.5E+06
Parabola No 10 1.17 1.86E-05 30.7 102.0 7.6E+05
Parabola No 15 1.17 1.87E-05 31.0 101.9 1.1E+06
Parabola No 20 1.17 1.87E-05 31.2 102.0 1.5E+06
Flat No 10 1.16 1.86E-05 29.6 100.6 7.6E+05
Flat No 15 1.15 1.86E-05 30.5 100.6 1.1E+06
Flat No 20 1.15 1.87E-05 30.9 100.6 1.5E+06
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