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Abstract 

Laminar to turbulent transition detection and control is a crucial aspect when designing aerodynamic shapes 

and assess their qualities. Many unpredictable factors present in general fluid dynamics phenomena determine 

the uncertainty of its estimation. A large spread of experimental techniques has been developed, and ever 

finer methods are used to be more confident with transition prediction. Infrared Thermography is one of the 

more suitable techniques when dealing with requirements like non-intrusive testing. It provides spatially re-

solved measurement and also real-time analyses. In this work, many experiments are performed with Infrared 

Thermography to detect transition on a generic wing at several angles of attack by using a particular condition 

on the inflection point of the temperature profile in the chordwise direction. 

 

1. NOTATION1 

Symbols 

𝑐 

𝑐𝑓 

𝑑𝑝 

ℎ 

𝑘 

𝑞𝑐 

𝑞𝑟 

𝑞𝑤 

𝑠 

𝑡 

Heat capacity, J/kgK 

Wall skin friction coefficient 

Thermal penetration depth, m 

Convective heat flux coefficient, W/m2𝐾 

Thermal conductivity, W/mK 

Convective heat flux, W/m2 

Radiative heat flux, W/m2 

Wall heat flux, W/m2 

Model thickness, m 

Time, s 

𝑇𝑎𝑤  

𝑇𝑤 
𝑇𝑤𝑖 

𝛼 

𝜇 
𝜉 

𝜌 

𝜏 
𝜑 

Adiabatic wall temperature, K 

Wall temperature, K  
Initial wall temperature, K  

Thermal diffusivity, m2/𝑠 

Dynamic viscosity, Pa ⋅ s 
Streamline tangent unit vector 
Density, 𝑘𝑔/𝑚3 
Wall shear stress 
Normalized temperature rise, K 
 

  

                                                           
1 Copyright Statement 

The authors confirm that they, and/or their company 

or organization, hold copyright on all of the original 

material included in this paper. The authors also con-

firm that they have obtained permission, from the cop-

yright holder of any third-party material included in 

  

  

Acronyms: 

BL Boundary Layer 

CFD 

IRT 

Computational Fluid Dynamics 

Infrared Thermography 

 

  

2. INTRODUCTION 

It is well known that the laminar–turbulent transition 

of the Boundary Layer (BL) is one of the key factors 

considered while optimizing the aerodynamic perfor-

mance of vehicles or lifting bodies. While laminar flow 

offers advantages in terms of reduced drag and im-

proved efficiency (Ref. [1]), turbulent flow can be ben-

eficial in certain scenarios, such as in delaying or flow 

separation, enhancing the aerodynamic characteris-

tics of the vehicle, particularly at high angles of attack 

or while maneuvering. 
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As far as wind tunnel testing is concerned, the esti-

mation of the transition position could help in the cor-

rection procedure for the wind tunnel scaling effect 

but also the continuous improvement and tuning of 

the Computational Fluid Dynamics (CFD) methods 

and correlation with the experimental results, together 

with the assessment of boundary layer control tech-

niques. However, the experimental detection of the 

BL transition and its prediction through computational 

tools is highly complex due to unpredictable external 

factors that trigger instabilities like acoustic noise, 

free stream turbulence, non-uniformity of actual sur-

face, etc.  

Several experimental techniques have been devel-

oped over the years involving different principles. Me-

chanical methods like oil flow visualization involves 

the use of oil pigment present on a solid surface im-

mersed in a flow field to qualitatively track flow pat-

terns and typologies (Ref. [2] [3]). Although these 

technologies are widely used as a qualitative method 

for flow visualization and for determining macroscopic 

quantity like skin friction, pressure, and temperature, 

it requires skill and experience to interpret the results 

(Ref. [4] [5] [6]). 

Surface hot film anemometry is another extensively 

used electrical technique for turbulence analysis (Ref. 

[7]), which consists of an insulating and isolating ma-

terial with very thin electrically conducting traces on 

its surface. By maintaining constant the temperature 

of these traces through the regulation of electrical cur-

rent, the technique enables the determination of heat 

transfer from film surface into the boundary layer 

based on the variation of the conductors’ resistance. 

Despite this sensors are generally characterized by 

higher accuracy measurement, their applicability and 

spatial resolution are limited by the sensor's dimen-

sions. 

As optical methodologies, InfraRed Thermography 

(IRT) technique stands out for its wide use and appli-

cations as a standard tool for the detection of static 

transition positions since it is a non-contact and non-

intrusive technique which makes it particularly con-

venient for wind tunnel testing (i.e. it does not disturb 

the flow). In addition, IRT cameras are fully two-di-

mensional and they are characterized by high spatial 

resolution (up to 1 M pixels), high sensitivity (down to 

20 mK) and low response time (down to 20 µs) which 

allow for convective heat transfer measurements with 

both steady and transient techniques. Furthermore, 

the IRT technique may not necessitate model painting 

and could potentially require no specialized surface 

preparation, offering also the potential for consecutive 

measurement of multiple test points in a single tunnel 

run. Although they differ in many aspects depending 

on the specific application, IRT methods fundamen-

tally exploit the idea that turbulent and laminar bound-

ary layers have different heat transfer behavior and 

that there is a close relationship between skin friction 

and heat flux at the wall (Ref. [8]). In fact, turbulence 

increases wall friction and convective heat transfer 

coefficient due to enhanced mixing momentum and 

energy exchange associated with turbulent flow struc-

tures. Therefore, adiabatic wall temperature rises al-

beit less significantly. As such, understanding con-

vective heat transfer coefficient ℎ and adiabatic wall 

temperature 𝑇𝑎𝑤 distribution offers insights into 

boundary layer states, useful for aerodynamic anal-

yses. Generally, due to the increase of about four 

times of the surface heat transfer with a turbulent 

boundary layer, a qualitative evaluation of the surface 

temperature distribution allows to differentiate be-

tween the laminar and turbulent regions of the BL. 

When operating in subsonic flow with low kinetic heat-

ing, an external heat source is necessary to conduct 

quantitative IR measurements with different tech-

niques like pre-heating the model (Ref. [9] [10]) or us-

ing continuous-pulsing source such as internal elec-

trical devices [8], heating sheets (Ref. [11]), and heat 

lamp (Ref. [12]). The heat lamp technique with a port-

able infrared camera employed in the present work 

represents a tool with a high potential in industrial ap-

plications to detect transition on static models due to 

its simplicity and portability. 

The description of the methodology adopted in the 

present work is reported in Section 3 detailing both 

the qualitative and the quantitative criterion for the 

laminar to turbulent transition detection. The experi-

mental setup of wind tunnel and infrared thermogra-

phy measurement is described in Section 4 together 

with the procedure employed for the heat transfer 

evaluation. Finally, the results are reported in Section 

5 in terms of two dimensional temperature maps, tem-

perature profile (both spatial and temporal) and their 

corresponding heat transfer coefficient evolutions. 

Then, some conclusions are drawn in Section 6. 

 

 

 

 



 

 

3. METHODOLOGY 

In the current work, a wing scaled model representa-

tive of a helicopter horizontal tailplane is worth as thin 

film sensor (Ref. [13]). In this regards, the output of 

the IRT camera pointing to the model can be consid-

ered as originated from a large array of small and thin 

resistance thermometers arranged in a two-dimen-

sional way. A sketch of the thermal model is reported 

in Figure 1.  

 

 

Figure 1: Sketch of the thin film sensor from Ref. [13]. 
In the current work, the radiative heat flux has an in-
verse direction since the model is heated. The 𝑥 di-
rection is inside the airfoil thickness.  

 

The analytical model can be derived starting from 

one-dimensional solution for a semi-infinite wall hav-

ing an initial constant temperature, which is then sub-

jected to a heat flux on its surface given by the sum 

of convective and radiating contributions. In order to 

evaluate the effect of the finiteness of the real model 

and to ensure that the front surface is not influenced 

by the thermal phenomena of the other side of the 

model, in Ref. [13] an analysis is conducted on the 

time limit for which the heat wave from the back sur-

face has not reached yet the front one in which we 

are interested in. It is evaluated as 𝑠2/3𝛼, where 𝑠 

and 𝛼 are the model thickness and the material ther-

mal diffusivity respectively. Alternatively, if the pene-

tration depth √𝛼𝑡 is less than 𝑠/√3, a slab employed 

as a thin film heat flux sensor can closely mimic the 

characteristics of the semi-infinite wall model, with an 

error of 1% on temperature slab distribution. 

From a quantitative analysis of the transition detec-

tion, it is required to evaluate the convective heat flux 

𝑞𝑐 acting on the surface under analysis. As such, by 

supposing that the slab is isothermal at the initial time 

of measurement at the temperature 𝑇𝑤𝑖, it is possible 

to evaluate the wall heat flux 𝑞𝑤 as a function of time 

using the model introduced by Cook and Felderman 

in Ref. [14] applied on the front surface temperature 

evolution 𝑇𝑤(𝑡) acquired with the infrared camera as:  

(1)  𝑞𝑤 = √
𝜌𝑐𝑘

𝜋
(

𝜑(𝑡)

√𝑡
+ ∫

𝜑(𝑡)−𝜑(𝜏)

(𝑡−𝜏)
3
2

𝑑𝜏
𝑡

0
) 

where 𝜌, 𝑐, 𝑘 are the material density, heat capacity, 

and thermal conductivity respectively and 𝜑(𝑡) =

𝑇𝑤(𝑡 − 𝑡𝑖) − 𝑇𝑤(𝑡𝑖) is the normalized temperature 

variation. 

As already mentioned, the wall heat flux is com-

posed by two contributions: the convective 𝑞𝑐 and 

the radiative 𝑞𝑟 heat flux. In order to estimate the 

convective heat transfer, the radiative one should be 

calculated and there are two possibilities for carrying 

out the experiment:  

1. 𝑞𝑟 = 0: the radiative heat source during in-

frared camera acquisition is idle. In that 

case, model preheating is needed to gener-

ate the difference between surface tempera-

ture and free stream. The acquisition - or the 

analysis - must start when the wind tunnel 

acceleration phase is terminated and a 

steady state flow field is established; 

2. 𝑞𝑟 ≠ 0: the radiative heat source is active 

during the acquisition. No model preheating 

is needed because the temperature differ-

ences are established since heating is used 

(i.e. through a halogen lamp or internal heat-

ing element). In order to extract the convec-

tive heat flux, the radiative heat flux must be 

estimated: a twin pair of experiments must 

be performed, one without the wind tunnel 

flow, since the Eq. (1) is used firstly to esti-

mate 𝑞𝑟, the second with the wind tunnel on 

to estimate the whole heat flux at the wall 

and thus the convective one 𝑞𝑐 since 𝑞𝑤 =

𝑞𝑐 + 𝑞𝑟 as reported also in Figure 1. 

In the present work, the second case is verified, so a 

temperature transient behavior must be settled in or-

der to use the Eq. (1). For the sake, the experi-

mental procedure is described in details in Section 

4.  



 

 

From a qualitative analysis of the transition detection, 

as reported by Arthur D. Woodworth et al. in Ref. [15] 

on the Reynolds analogy for a more general case, it 

exists an inverse proportionality between the wall 

shear stress 𝜏 and the temperature gradient ∇𝑇 as fol-

lows.  

(2)                        𝜏 ⋅ ∇𝑇 = 𝜇𝑓𝑞 

Thus, by projecting the Eq. (2) into the streamline ref-

erence frame, the normal component in that frame 

could be neglected, while the function 𝑓𝑞 can be con-

sidered constant with the heat flux. Being 𝜉 the 

streamline tangent unit vector, the Eq. (2) can be re-

written as:  

(3)                   𝜏𝜉 ⋅
𝜕𝑇

𝜕𝜉
= (𝜇𝑓𝑞)

𝜉
  

By differentiating Eq. (3) it is possible to obtain a re-

lationship between wall shear stress derivative and 

temperature second derivative as reported in Eq. (4) 

where 𝐶 is a constant.  

(4)                 
𝜕𝑇𝜉

𝜕𝜉
=

𝐶

(
𝜕𝑇

𝜕𝜉
)

2

𝜕2𝑇

𝜕𝜉2 

Therefore, this relationship between wall shear 

stress, or skin friction coefficient, and temperature 

leads to a qualitative criteria to detect transition onset. 

When the skin friction coefficient has reached the lo-

cal maxima or local minima, the temperature profile 

has an inflection point. 

(5)       min / max 𝑐𝑓  →  
𝜕2𝑇

𝜕𝜉2 = 0 

 

4. EXPERIMENTAL SETUP 

The experiments were performed in a closed loop 

open jet wind tunnel (see Figure 2) with a test section 

0.6 x 0.9 x 1 meters with a low level of turbulence 

(𝑇𝑢 = 0.1%) evaluated with hot-wire anemometry. 

The test model is a rectangular wing, with a general 

airfoil as section, as reported in Figure 2. 

 

Figure 2: Sketch of the experimental setup. The wing 
basis is encapsulated in a PLA printed support which 
sets the right angle between the asymptotic wind 
tunnel flow and the wing. 

All the tests are performed at a wind speed of 30 𝑚/𝑠 

with a reference Reynolds number of about 140.000. 

To set the desired angle of attack,  the test model is 

vertically installed onto a turning table. The model, 

made of ceramic-based 3D printed material with low 

thermal conductivity, is heated almost uniformly by a 

halogen lamp with a maximum power of 1000 W, 

positioned at 20 chords from the test section center 

and aligned perpendicularly with respect to the flow 

direction. The employed IR camera is the FLIR 

T650sc, with a resolution of 640 x 480 pixels, a 

sensitivity range of 7.5-13, and an acquisition 

frequency of 30 Hz. The estimated spatial resolution 

was about 2 pixels/mm. 

4.1. Experimental Procedure 

According to the adopted methodology, a semi-infi-

nite wall model is considered and its application 

should be checked. As such, in Table 1 the estimated 

thermal properties of the material are reported since 

it is a property material and official data can not be 

shared from the supplier. For the same reason, as ref-

erence airfoil section a NACA 63-412 has been con-

sidered. 

Table 1: Estimated material properties. 

𝜌 𝑐 𝑘 𝛼 

𝐾𝑔/𝑚3 𝐽/𝑘𝑔𝐾 𝑊/𝑚𝐾 𝑚2/𝑠 

1610 1500 0.31 1.28 ⋅ 10−7 

 

For all test cases analyzed the heating time is set to 

13 seconds and the penetration depth is calculated 

as follows. 

(6)       𝑑𝑝 = √𝑡𝑚𝛼 = 0.13𝑐𝑚 = 0.015𝑐ℎ𝑜𝑟𝑑 



 

 

In Figure 3 is reported the time for which we admit an 

error of 1% on temperature distribution using as slab 

thickness the airfoil thickness distribution. It is re-

ported also the measurement time from the heating 

start as a dashed line. Within the 86% of the chord, 

by measuring for 13 seconds, a small error is ob-

tained with the semi-infinite slab model, thus the 

measurements can be relied on. On the other hand, 

at the Trailing Edge (T.E.) of the airfoil, a larger error 

is admitted in considering the semi-infinite model in-

stead of considering the presence of the finite thick-

ness since the heat wave of the back surface is reach-

ing the front model surface. 

 

 

Figure 3: Time for which an error of 1% on 

temperature distribution is assumed using as slab 

thickness the airfoil thickness distribution.  

 

As already mentioned in section 3, a twin pair of ex-

periments are performed for each angle of attack of 

the model for a duration of 15 seconds. In particular:  

 A first experiment in which the wind tunnel is 

off and the model is isotherm at ambient tem-

perature. Then, the halogen lamp is turned 

on after 2 seconds from the acquisition start. 

As such, from Eq. (1), the radiative heat flux 

𝑞𝑟 is estimated since it corresponds to the 

whole wall heat flux (𝑞𝑐 = 0); 

 A second experiment in which the wind tun-

nel is on and the model is in thermal equilib-

rium with the flow. The halogen lamp is again 

turned on after 2 seconds from the acquisi-

tion start and the temperature transient is es-

tablished. Via Eq. (1), is now possible to esti-

mate the convective heat flux 𝑞𝑐 since the ra-

diative term 𝑞𝑟 is already known. 

As a matter, the convective heat flux 𝑞𝑐 is estimated 

for each point of the surface in time, thus the convec-

tive heat transfer coefficient can be evaluated as fol-

lows for a quantitative analysis:  

(7)         ℎ(𝑥, 𝑦, 𝑡) =
𝑞𝑐(𝑥,𝑦,𝑡)

𝑇𝑤(𝑥,𝑦,𝑡)−𝑇𝑤(𝑥,𝑦,𝑡𝑖)
  . 

In the present work, several angles of attack are 

tested at the same Reynolds number but only few of 

them are reported hereinafter for brevity. There have 

been performed two sets of experiments: one with a 

clean surface for the sake of estimating the free tran-

sition onset, and the other with transition dots of 

0.25mm of diameter and a spacing of two diameters 

attached at 5% of the chord to estimate their effec-

tiveness in forcing the transition bypass..  

 

5. RESULTS 

A typical acquired infrared image is shown in Figure 

4Figure 4. For this case the transition has no tripping 

and the angle of attack is set to 𝛼 = 0∘. The tempera-

ture profile over time of the extracted slice is reported 

in Figure 5: after 2 seconds from the acquisition start, 

the heat lamp is turned on and the temperature rises. 

 

 

Figure 4: Temperature map for 𝛼 = 0∘ , free transition 

case at 10 second after lamp heating. The black line 

is a slice on which temperature is extracted. The 

square indicates a laminar point and the circle a 

turbulent one. The wind is flown from left to right.  



 

 

 

Figure 5: Temperature profile over time for 𝛼 = 0∘ on 

the slice depicted in Figure 4, free transition case. 

The time increases as the temperature profile 

increases its mean value, and the curve color 

becomes brighter.  

In particular, in Figure 6, the normalized temperature 

rise comparison between the laminar and turbulent 

point is reported. It is possible to note how the con-

vection tends to cool down the model surface, with 

respect to the case without flow, where only natural 

convection and radiative heat flux are present (further 

internal conduction is present in every case). Further-

more, it is clear that the turbulent regime, which has 

a higher heat transfer coefficient, has also better cool-

ing behavior due to the lower temperature derivative 

of time temperature evolution. 

For the sake of brevity, only few angle of attack are 

analyzed (𝛼 = −6∘, −2∘, 0∘, 4∘, 8∘, 12∘) and the results 

are reported referring to a single time instant of 10 

seconds after the heat lamp is turned on. On each 

temperature profile reported hereinafter, the transi-

tion onset point is evaluated with the condition of min-

imum temperature spatial derivative from Eq. (5). The 

noise present in the temperature measurement af-

fects the transition detection with the previous criteria. 

To avoid this error a moving average in time is applied 

to the prediction of transition position and the initial 

wall temperature is subtracted in each point. Moreo-

ver, to enhance the automation level of the algo-

rithms, a mask is automatically generated for each 

temperature map to remove the background to avoid 

catching an inflection point on the temperature in the 

space around the wing body.   

 

 

Figure 6: Normalized temperature variation over time 

for 𝛼 = 6∘  in the laminar point reported in Figure 4, 

for in the free transition case compared with the 

turbulent point.  

 

The free transition cases results are reported in 

Figure 7. For each angle of attack, the temperature 

map is cut to the relevant part of the IRT field of view; 

the temperature profile reported below in the left is 

referring to the slice depicted as vertical black line in 

the temperature map and its corresponding heat 

transfer coefficient profile is in the bottom-right loca-

tion. The transition point is depicted as a black cross 

and red dot in the temperature map and profile re-

spectively. It is worth noting that the temperature in-

flection point detected with the previous criterion is 

projected on the convective heat transfer coefficient 

curve as double-checking, useful to ensure that the 

transition point qualitatively detected has also a phys-

ical meaning (i.e. could be found in the ℎ inflection 

point position).

 



 

 

 

Figure 7: Temperature maps and data reduction for 𝛼 = −6∘, −2∘, 0∘, 4∘, 8∘, 12∘, free transition case. 

 

Figure 8: Temperature maps and data reduction for 𝛼 = −6∘, −2∘, 0∘, 4∘, 8∘, 12∘, forced transition case. 



 

 

For negative angle of attack, the transition is detected 

on the rear part of the wing, and its position shifts for-

ward as 𝛼 increases. In the convective heat transfer 

coefficient curve appears an inflection point even 

though the effect of low thickness of the trailing edge 

hides the turbulent branch, especially in the case of 

𝛼 = −8∘ and 𝛼 = −6∘. 

At 𝛼 = −2∘, the inflection point becomes evident from 

the temperature profile while it appears a change in ℎ 

trends at the end of the airfoil. This transition of ℎ from 

laminar to turbulent state is more evident for 𝛼 = 0∘, 

showing that as the angle increases the transitional 

behavior shifts forward. 

Increasing the angle of attack to 𝛼 = 4∘, the tempera-

ture profile shows a laminar evolution up to 𝑥/𝑐 ≈

 0.65 where the transition onset appears as an in-

creasing derivative. Then, the flex point is detected at 

𝑥/𝑐 ≈  0.76 assumed as the transition point, con-

firmed with the presence of the flex point on the con-

vective heat transfer coefficient too. In the latter, the 

maxima at 𝑥/𝑐 ≈  0.80 indicates the beginning of the 

turbulence branch. 

Almost the same evolution is found at 𝛼 = 8∘ although 

the transition occurs earlier and it is more evident. 

From 𝛼 = 12∘ a laminar separation bubble is clearly 

present if Figure 7. The presence of the latter can be 

justified with the typical shape of ℎ with a laminar de-

scent, a flex point indicating the separation (not visi-

ble due to the low spatial resolution), the presence of 

minima where the transition process begins and the 

rise to the maximum in correspondence to the reat-

tachment point. The latter can be explained by the 

shear stress and convective heat transfer analogy 

since a strong wall shear stress at the reattachment 

corresponds a high heat transfer coefficient. 

The forced transition case temperature map, temper-

ature profile, and convective heat transfer coefficient 

profile are reported in Figure 8. The dots wakes are 

evident both in the temperature map and in the tem-

perature profile as a non-regularity of temperature 

rises itself. A classical transition shape on ℎ is present 

up to 𝛼 = 0∘. For higher angles of attack (e.g. 𝛼 = 4∘) 

there is no net transition but could be individuated a 

region where the laminar to turbulence transition pro-

cess is spread on more length in the streamwise di-

rection and the beginning of the transition process 

can be found anticipated at 𝑥/𝑐 ≈ 0.4 with respect to 

the free transition case. As the angle of attack 𝛼 in-

creases, it seems that the tripping dots cause the di-

rect bypass of the transition process while ℎ behaves 

descending on the whole length of the airfoil like in 

the turbulent branch, even though it is not regular. In 

fact, at 𝛼 = 8∘, it seems that the flow evolves with the 

turbulent branch earlier with respect to the free case. 

Lastly, a  𝛼 = 12∘, the separation bubble is present 

also in the forced case, and the main effect of the trip-

ping dots is to delay the laminar bubble formation 

which results in an earlier reattachment point with re-

spect to the free case.  

 

 

6. CONCLUDING REMARKS 

A series of experiments are performed through IRT to 

determine the transition from laminar to turbulent on 

a wing model representative of a horizontal tailplane 

of a helicopter starting from infrared thermography 

images. The criterion used to detect the transition 

point was defined through qualitative investigations 

using the temperature data only with the detection of 

the inflection point of its profile. Through the experi-

mental double test procedure, it was also possible to 

carry out a quantitative analysis by estimating the 

convective heat transfer coefficient. These latest in-

vestigations revealed to be useful for validating the 

qualitative criterion on temperature. Indeed, for cases 

of natural transition, the transition point estimated 

through the temperature inflection criterion appears to 

be consistent with the distribution of the convective 

heat transfer coefficient ℎ. This is not always verified, 

especially for cases of forced transition, where the be-

haviors of the heat transfer are no longer similar to 

the classical ones, and the wakes of tripping sots 

strongly influence the evolution of the boundary layer.  

Generally, it is clear that for the natural transition 

case, the position of the onset transition advances, 

moving to the airfoil leading edge when the angle of 

attack increases. As it can be noted at 𝛼 = 0∘ angle 

of attack, the separation region at the wing root is 

clearly visible together with the transition region which 

arises around the 75% of the chord where the tem-

perature second derivative reaches a null value and 

it is constant along the span up to the tip region. As 

On the other hand, the presence of the transition 

causes a trigger of the boundary layer transition 

which turns out in early transition around 65% of the 

chord. Even though the maximum of temperature pro-

file seems to occur at the same 𝑥/𝑐 position for both 



 

 

free and forced transition, the temperature profile of 

the latter has different spatial evolution in terms of 

constant gradient from the maximum to the minimum 

value. Increasing the angle of attack to 𝛼 = 12∘, the 

presence of a laminar bubble can be identified by the 

steep rate of the temperature rise, which is caused by 

a convective heat transfer dropped down by the recir-

culation inside the bubble. The forced transition strips 

influences only locally the boundary layer causing a 

premature turbulent reattachment of laminar bubble 

in correspondence of the local minima of the temper-

ature profile at around 12% of the chord. 

However, the results of the present work highlight the 

versatility of the technique and its measurement pro-

cedure and also the possible use for more complex 

industrial applications, also due to the portability of 

the instruments and the non-intrusiveness of the ex-

perimental technique. As far as future works regard, 

there is still room to improve the quality of the post-

processed data based on the recent literature on this 

topic especially when dealing with different heat 

transfer problems to evaluate the convective heat 

transfer coefficient. The latter surely represents an 

added value allowing a better and valuable interpre-

tation of the results which could be compared with al-

ready available data from CFD and flight data from 

the installed solution on a complete aircraft.    
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