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Summary, conclusions and recommendations 

 

Summary 

This thesis had the objective to search for a simple, cost-effective method of obtaining the 

surface heat flux to an object exposed to a flow with a small, but robust, sensor.  In this particular 

case, the long-term goal was to install this sensor into an existing skin-friction gage.  An 

extensive literature study was done in order to pursue this need.  Eventually, the decision was 

made to make use of a coaxial thermocouple installed to measure the surface temperature as a 

function of the time.  A second thermocouple was installed inside the solid body so that the 

common semi-infinite body assumption could be relaxed.  To insure similar heat flux through the 

object and the heat flux sensor, the material of the thermocouple can be chosen in such a way 

that the material properties will be very similar to that of the object.  Both these temperature 

profiles were then converted to surface heat flux through the use of a computer code.   

 

This computer code made use of the inverse approach to calculate the flux through the surface of 

the object.  This inverse approach was chosen because of its stability and the fact that the other 

methods available in the literature amplify measurement noise in the temperature signal.  An 

existing code for the inverse method was used as the starting point for this effort.  A custom 

forward model was employed by the inverse method to provide temperature calculations.  The 

computational time is more than that required by the usual Cook-Felderman technique, but noise 

is decreased so much that Cook-Felderman could not be considered for applications of this type. 

 

Experiments were performed in the supersonic wind tunnel.  Here, a thermocouple was installed 

in the wall of the tunnel, and the heat flux was calculated from the surface temperature measured 

in the tunnel.  The supersonic flow induced a substantial temperature change on the wall that 

could be related to heat flux through the wall.  A second experimental set-up was used in the 

verification of the method.  This experiment involved the measurement of heat flux through a 

model turbine blade in a cascade tunnel.  Comparisons were made to the HFS heat flux gages 
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installed in the blades and the outcome was quantified.  In the experiments, the heat flux from 

the thermocouple was about 20% higher than that of the HFS gage.  A problem with these HFS 

gages is the fact that there is some trouble with the accurate calibration.  Possible sources of 

errors with the current method were examined in detail and found to be no more than 3-4%.  

Thus, this level of agreement was judged acceptable here. 

 

Conclusions 

The inverse method consisting of a computer code that uses temperature measurements at two 

positions in the object to calculate the surface heat flux offers a simple, yet accurate way of 

obtaining the heat flux at the surface of some instrumented object.  The simplicity arises from the 

fact that only two temperatures are needed to retrieve the flux.  No calibration is required.  The 

major improvement from other techniques in the same field such as the Cook-Felderman method 

is the noise reduction, although the noise with the new method is still more than that experienced 

with the HFS heat flux gages.  Improving the temperature measuring techniques to such an 

extent that the noise on the temperature signals will be minimized will enhance this technique of 

obtaining the heat flux a great deal.  In other words, the less the noise in the temperature signal, 

the less the noise will be in the heat flux signal.  An important thing to keep in mind is the 

possibility that the HFS heat flux gage may damp the turbulent fluctuations in the gas because of 

the larger footprint on the solid body surface.  Some of the fluctuations recorded by the 

Medtherm thermocouple might in fact be real and not noise at all. 

 

The HFS gages used by the other research groups working in the same field, do not have the 

advantage of simplicity and robustness offered by the coaxial thermocouple as used in this work.  

Also such gages require calibration, which is neither simple nor accurate for high heat fluxes. 

 

Another advantage of the proposed technique is that the measuring devices can be made very 

small.  This will then be suitable for very confined spaces.  It is important to keep this in mind, 

because the size of any measuring device may play a vital role in certain applications, such as 

confined spaces and weight limitations.  In addition, the footprint of the heat flux measuring 



Chapter 7 Summary, conclusions and recommendations.  77

devices can be made very small, because the head of the thermocouple can be made very small.  

In other words the flux can be said to have a certain value at a specific point on the surface, 

rather than is the case with the HFS gages, where the flux has some value over a region on the 

surface. 

 

Recommendations 

Improvement on this technique might include the enhancement of the temperature measurements 

on the surface so the noise in the readings is decreased.  The smoother the curve of temperature 

in the object, the more accurate the prediction of the heat flux would be.  Thus, the better the data 

acquisition will be the better the flux prediction will be.  The thermocouples used can also be 

improved upon by making them even smaller.  If this can be done, normal type-K thermocouples 

can be used.  The difference in the thermophysical properties of the thermocouples and that of 

the wall will have such smaller effect if the thermocouples are very small, and the thermal mass 

is very small.  This will eliminate the need to use physical ice-baths in the measurements of the 

temperatures.  These ice-baths can be inaccurate if not correctly utilized. Other than this, not a 

great deal of improvements can be made on this technique except for the noise and maybe the 

computation time , and once that has been done this will be very powerful method for obtaining 

the heat flux.   

 

Since measurement of temperature is on the surface, the standard inverse method can be 

simplified by using a single time step instead of several future time steps as with the inverse 

method.  Walker incorporated this method and obtained good results.  He called the modified 

regularization procedure the Explicit-Regularization method.   This method yields the same 

numerical flux values as the implicit method, but convergence is much faster.  This method is, 

however, potentially unstable because of its explicit nature.  In future, this method can be 

advanced to a point where one can use the Explicit-Regularization method in the inverse 

approach with a second measured temperature.  This will improve a great deal on the 

computation time, above the implicit method and make this tool even more powerful. 

 


