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A numerical investigation was performed to analyse the aerodynamic and aeroa-
coustic characteristics of a symmetrical NACA 0012 airfoil equipped with a con-
ventional Hinged Trailing Edge (HTE) and a Morphed Trailing Edge (MTE)1. The
study utilised high-fidelity Large Eddy Simulations (LES) to capture the unsteady
flow characteristics over the airfoil surface and at the airfoil wake. The tests were
conducted at a freestream velocity of U∞ = 20 m/s, corresponding to a chord-based
Reynolds number of Re = 0.2×106, at two angles of attack α = 0◦ and 4◦. The cp and
cpRMS

results indicate that the MTE airfoil produces higher values of lift coefficient
than the HTE airfoil due to its higher suction peak, which results in a larger pressure
difference between the suction and pressure sides. Also, the wall-pressure spectra,
wake-flow measurements, and boundary-layer analysis revealed that the MTE airfoil
produces higher values of surface pressure fluctuations near the trailing edge, which
extend farther into the wake of the trailing edge compared to the HTE airfoil. Conse-
quently, the increased pressure fluctuations at the vicinity of the trailing edge result
in higher values of radiated far-field noise for the MTE airfoil. The study provides
valuable insights into the impact of MTE flaps on both the aerodynamic and aeroa-
coustic characteristics and highlights the importance of careful design considerations
to minimise noise radiation while optimising lift generation.
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hinge point, while that is absent for the MTE airfoil due to its smooth 
flap profile. The results clearly show that the MTE airfoil experiences a 
larger pressure difference over the entire flap region compared to the 
HTE airfoil. This increased suction peak near the trailing-edge along 
with the increased pressure difference over the flap surfaces for the MTE 
airfoil over the HTE airfoil explains the observed increase in CL for the 
MTE airfoil documented previously (Daynes and Weaver, 2012; Daynes 
and Weaver, 2012; Woods et al., 2014; Yokozeki et al., 2014). Figs. 5(c) 
and 5(d) show the root-mean-squared of the surface pressure distribu-
tion (CpRMS ) over the airfoil surface for the angles of attack α = 0◦ and 4◦, 
respectively. The unsteady pressure distribution over the flap surface 
can also provide some comparative insight into the trailing edge noise 
generation mechanisms of these airfoils. All the peaks in the results seen 
close to the trailing edge arise on the suction side of the airfoil. The HTE 
airfoil at the hinge point location (x/c = 0.7) exhibits increased surface 
pressure fluctuations, which subside after chord location x/c ≈ 0.85. For 
the MTE airfoil, highly unsteady surface pressure can be seen within the 
chord-wise regions of x/c = 0.9 − 1.0, close to the trailing edge, for both 
the presented angles of attack. 

Fig. 6 shows the contours of the CpRMS over a slice in the mid-span 
region of the LES computational domain for both the HTE and MTE 
airfoils at α = 0◦ and 4◦. The HTE airfoil has increased pressure fluctu-
ations just after the flap hinge point [Figs. 6(a) and 6(c)] while the MTE 
airfoil has two regions of increased pressure fluctuations [Figs. 6(b) and 
6(d)] close to the trailing edge. The results show two regions of 
increased fluctuations toward the suction side, the larger region extends 
from x/c = 0.9 − 1.2 and is positioned just above the trailing edge, while 
the second smaller region from x/c = 1 − 1.2 lies in line with the trailing 
edge extending further into the wake up to x/c ≈ 1.3. On the other hand, 
for the HTE airfoil, the increased pressure fluctuations in the wake re-
gion extends no further than x/c = 1. It should be noted that the two 
distinct regions of increased pressure fluctuations are characteristic 
behavior of airfoil wake. The Cp and CpRMS results clearly demonstrate the 
strong influence of the flap’s geometric profile over the flow at the vi-
cinity of the trailing edge. The higher pressure fluctuations closer to the 
trailing edge of the MTE airfoil would potentially lead to unfavorable 
higher noise production compared to the HTE airfoil. This will be further 
discussed in Section 4.7. 

4.2. Wake flow development 

In this section, the wake-flow field is presented to further analyse the 
wake behavior of the HTE and MTE airfoils. Fig. 7 presents the instan-
taneous iso-surfaces of Q-criterion (Kamliya Jawahar et al., 2018) of Q =

1 × 106s− 2 for both the airfoils at α = 0◦ and 4◦. As can be observed, a 
simple step-trip (placed at x/c = 0.1) is sufficient for the flow to become 
turbulent over the airfoil and prevent the formation of 2D spanwise 
rollers over the airfoil in the absence of trip observed in the author’s 
previous studies (Kamliya Jawahar et al., 2017). The green-colored iso- 
surfaces of Q-criterion indicate flow separated regions, which can be 
seen downstream of the step-trip at x/c = 0.1 and also immediately past 
the flap hinge point at x/c = 0.7 for the HTE airfoil and close to the 
trailing edge, at x/c > 0.8, for the MTE airfoil on both the suction and 
pressure surfaces. 

Fig. 8 shows the non-dimensional mean streamwise velocity con-
tours. As can be seen, the flow separation point for the HTE airfoil is 
right after the flap hinge location (x/c = 0.7) for both the angles of 
attack, whereas for the MTE airfoil the separation is delayed until about 
x/c = 0.9. Also, the separation point for the MTE airfoil does not shift 
much and remains at x/c ≈ 0.9 for both α = 0◦ and 4◦. However, in the 
experimental results from Kamliya Jawahar et al. (2018), the separation 
points are noted as x/c = 0.95 and x/c = 0.8, for α = 0◦ and 4◦, 
respectively. 

Fig. 9 shows the non-dimensional mean crosswise velocity (V/U∞) 
contours, extracted at the mid-span location (z/c = 0), for both airfoils 
at α = 0◦ and 4◦. Overall, a region of increased negative crosswise ve-
locity on the suction side of the flap can be noticed for all the cases 
shown, which represents the region where the flow begins to deflect 
downward. At α = 0◦ [Figs. 9(a) and 9(b)], the region with increased 
negative crosswise velocity remains very close to the flap hinge (x/c =

0.7 − 0.85) for the HTE airfoil while shifting downstream, closer to the 
trailing edge (x/c = 0.9 − 1), for the MTE airfoil. Moreover, the flow 
begins to deflect downwards at the hinge location, i.e. x/c = 0.7 for the 
HTE airfoil, while the deflection point shifts downstream to x/c = 0.9 
but with higher intensity for the MTE airfoil. At α = 4◦ [Figs. 9(c) and 9 
(d)], the region with increased negative crosswise velocity covers the 
entire flap region for both the airfoils. Additionally, the negative 
crosswise velocity occurs over a larger chord-wise region, namely 
x/c = 0.7 − 0.95 and x/c = 0.8 − 1.1 for HTE and MTE airfoils, respec-
tively, with greater intensity compared to the α = 0◦ case. There is an 
increased downwash velocity for the MTE airfoil, especially due to the 
increased negative crosswise velocity region, closer to the trailing edge. 
The delayed flow separation for the MTE airfoil relative to the HTE 
airfoil is also very evident from the crosswise velocity contours. 

The Reynolds stresses of the flow field are analyzed by extracting the 
LES flow field at the mid-span location of the simulation domain to 
further investigate the flow characteristics in the trailing edge and the 
wake regions. Fig. 10 shows the non-dimensional streamwise normal 

Fig. 6. CpRMS contours for the HTE [(a) and (c)] and MTE [(b) and (d)] airfoils for α = 0◦ and 4◦ at U∞ = 20 m/s (Rec = 2.6× 105).  
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Figure 1: Contours of the cpRMS over a mid-span slice region for both the HTE [(a)
and (c)] and MTE airfoils [(b) and (d)] at α = 0◦ and 4◦. The results demonstrate the
existence of two regions of heightened fluctuations towards the suction side in MTE
airfoil. The first, larger region spans from x/c = 0.9 to 1.2 and is situated directly
above the trailing edge. The second, smaller region, ranging from x/c = 1 to 1.2, is
aligned with the trailing edge and extends deeper into the wake, up to x/c ≈ 1.3.
Conversely, with respect to the HTE airfoil, the pressure fluctuations increase in the
wake region but do not extend beyond x/c = 1.
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