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Abstract 

 There are two relevant timescales in Pressure-Sensitive Paint (PSP) dynamic response.  

The first is the luminescent lifetime of the chosen luminophore, and the second is the time 

required for oxygen molecules to diffuse through the paint layer.  In order to evaluate the relative 

importance of these two mechanisms for Polymer/Ceramic PSP, its frequency response 

characteristics were studied using an acoustic resonance tube.  Treating the paint system as a 

black box, the typical paint structure was altered in several ways, and the observed changes in 

response characteristics were used to infer information about the roles of the luminescence and 

diffusion processes in the dynamic response.  These alterations include surface roughness, 

luminophore application method, and basecoat optical density.  The experiments suggest that 

although luminescence is the more important of the two mechanisms, diffusion effects are still 

present.  To verify this, the experimental data were compared with existing theoretical models.  

One model accounts for only the luminescence process, and the other accounts for both 

luminescence and diffusion.  It was then shown that the luminescence and diffusion model 

agrees well with the data, while the luminescence only model does not, thereby demonstrating 

that diffusion effects need to be included for accurate determination of the Polymer/Ceramic PSP 

transfer function. 
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1. Introduction and Background 

 

Quantitative pressure measurements for aerodynamic testing are of critical importance in 

determining aerodynamic loads on a model, understanding complex flow phenomena, and 

validating computational codes.  Pressure-Sensitive Paint (PSP) is a relatively new method of 

obtaining full-field pressure measurements with a higher spatial resolution than that possible 

with conventional techniques such as pressure taps.  Further, it is non-intrusive and can be used 

in situations where other techniques would be difficult or impossible, e.g. very thin or 

complicated model geometries.   

Because many flowfields of interest are inherently unsteady, paints with very short 

response times are required in order to successfully resolve the associated rapid pressure 

fluctuations.  Recently developed porous PSPs are fast-response paints that aim to meet this 

requirement.  In order to determine the suitability of a certain paint for unsteady testing, a 

thorough understanding of thepaint’s dynamic response is needed.  This section will briefly 

cover some of the basic operating principles of PSP, as well as fast-response paints and PSP 

dynamic response. 

1.1 PSP Fundamentals 

 Here, the basic physical mechanisms of PSP will be briefly described.  For a more 

detailed discussion, the reader should refer to the comprehensive review provided by Bell et al. 

[1] or the book by Liu and Sullivan [2].  

 A typical PSP consists of luminescent molecules, called luminophore, which are 

immobilized within a binder that is applied directly to a model surface.  A schematic of a typical 

paint layer is shown in Figure 1.  
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Figure 1. Typical PSP layer [1] 

 

Photons of a certain wavelength provided by an excitation source (laser, xenon lamps, 

LED arrays, etc.) are absorbed by the luminophore, and it is promoted to a higher energy state.  

Once in the elevated state, the luminophore can return to its ground state via radiative or 

radiationless processes.    In the radiative process, called luminescence, the luminophore releases 

a photon of a wavelength that is spectrally distinct (red-shifted) from the excitation photon.  

However, this luminescence can be “quenched” if the excited luminophore interacts with an 

oxygen molecule that has permeated the paint binder; this process is called “oxygen quenching.”  

The local oxygen concentration within the binder is proportional to the partial oxygen pressure at 

the paint surface, which, for air, is in turn proportional to the static pressure.  Consequently, a 

higher pressure corresponds to more oxygen quenching, and therefore the luminescent intensity 

of the paint is inversely related to the model surface pressure [2].  This relationship is described 

by the Stern-Volmer equation:     
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A B

I p
    (1) 



3 
 

where I  and p are the current luminescent intensity and surface pressure, Iref and pref are the 

luminescent intensity and surface pressure at a reference (typically wind-off) condition, and A 

and B are constants determined from a calibration, which are generally functions of temperature 

due to the process of thermal quenching. 

 For a typical PSP experiment, the luminescent intensity is recorded by an appropriate 

photodetector (CCD camera, photomultiplier tube, etc.).  Due to the distinction between the 

excitation and emission wavelengths, the luminescent emission can be isolated using a long-pass 

optical filter.  In principle, the instantaneous surface pressure can then be obtained via Equation 

(1). 

1.2 Fast-Response Paints 

For a conventional paint, the response time is limited by the rate at which oxygen 

molecules can diffuse through the binder layer and interact with the luminophore molecules.  

Thus, the response time can be improved by increasing the diffusivity of the binder.  One such 

method for doing so is replacing a conventional polymer binder with a porous structure.  As 

shown in Figure 2, the luminophore molecules in a porous paint are directly exposed to the test 

gas, and can therefore interact with oxygen molecules much more rapidly than in a conventional 

paint.  Some commonly used porous paints are: anodized-aluminum PSP (AA-PSP), thin-layer 

chromatography plate PSP (TLC-PSP), and polymer/ceramic PSP (PC-PSP).  Since the present 

research focuses primarily on PC-PSP, its details will be recapitulated here.  The details of the 

other porous PSPs are covered at great length by Gregory et al. [3]. 
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Figure 2. Comparison of conventional and porous PSP [4] 

 

The polymer/ceramic basecoat consists of ceramic particles and a small amount of 

polymer used to hold the particles to the model surface.  This is typically sprayed onto the model 

surface in a thin layer (~20 μm) using an air brush [3].  The result is a highly porous structure, 

which is shown in Figure 3 via a scanning electron microscope.  The luminophore solution is 

then sprayed on top of the basecoat. 

 

Figure 3. SEM image of polymer/ceramic binder [5] 
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1.3 PSP Dynamic Response 

 As mentioned previously, one characteristic timescale of PSP response is the timescale of 

oxygen diffusion through the binder layer.  The other is the luminescent lifetime of the chosen 

luminophore; this represents an ultimate limit on the response time of a PSP.  For a conventional 

polymer paint, the diffusion timescale is many orders of magnitude larger than the lifetime, so 

that diffusion is the limiting timescale.  For a thin, uniform layer the dynamics are adequately 

described by the one-dimensional diffusion equation (assuming the diffusion is Fickian) [2] 

 
2
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  (2) 

where [O2] is the local oxygen concentration, Dm is the diffusivity of oxygen mass transfer, and z 

is the distance from the model surface.  Assuming that the substrate is impermeable to oxygen 

forces the oxygen concentration gradient to be zero at the wall.  Additionally, it is assumed that 

the oxygen concentration at the layer surface is equal to the oxygen concentration of the test gas 

immediately above it.  Hence, the boundary conditions are 
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where f (t) is a nondimensional function describing the time history of the oxygen concentration 

at the paint surface, [O2]0 is the mean oxygen concentration of the test gas, and h is the paint 

layer thickness.  For the initial condition it is assumed that the oxygen concentration is uniform 

throughout the paint layer: 

 2 2 00
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   (4) 
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Multiple solutions for Equation (2) subject to Equations (3) and (4) have been presented for 

various input pressure waveforms [6], [7], [8], [9], [10].  Examining the response to a sinusoidal 

pressure fluctuation, Winslow et al. [7] demonstrated that the frequency response of a 

conventional PSP can be approximately represented by a “1/2-order system” transfer function: 
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where A is the amplitude,   is the phase, ω is the angular frequency, and τD is the diffusion 

timescale.  These solutions of the diffusion equation yield a classical square-law estimate for the 

diffusion timescale, 
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However, this relationship does not hold for a binder with pores.  Liu and Sullivan [2] derived a 

relation which is asymptotically valid for a very porous polymer layer:  

 

2 frd
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where dfr is the fractal dimension of the pores, which is essentially a measure of the complexity 

of the pore pathway. 

 For recent fast-response paints with response times on the order of the luminescent 

lifetime, the effects of the luminescence process must also be considered.  Kameda [13] derived 

a mathematical model for the unsteady light emission process from the luminophore molecules 

and demonstrated that the resulting frequency response is that of a first-order system: 
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where τL is the luminescent lifetime.  Combining this with the diffusion model developed by 

Winslow et al. [8], he further demonstrated that when the two timescales are within several 

orders of magnitude of each other, the paint response is governed by a combination of diffusion 

and luminescence, given by Equations (5) and (8), respectively.  The response can be linearly 

decomposed on a Bode plot: 

 

10 10[ ] 20log ( ) 20log ( ),Total D L
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  (9) 

Some frequency response characteristics of PC-PSP have previously been investigated by 

Sugimoto et al. [11].  They demonstrated that the frequency response of PC-PSP is independent 

of the polymer/ceramic binder thickness.  Further, they showed that it is dependent on the choice 

of luminophore, i.e. on the luminescent lifetime.  With these results, they concluded that the 

frequency response of PC-PSP is governed solely by the luminescence process and demonstrated 

good agreement between their data and a first-order system, which provided validation for 

Kameda’s model [13].    

However, the present work demonstrates that although luminescent lifetime is the 

dominant factor governing PC-PSP frequency response, the mechanism of diffusion is still 

present and that certain changes in some of the physical properties of the paint can alter the 

frequency response as a result of it.  
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2. Experimental Methodology 

 

2.1 Painting Procedure 

 The paint used for these experiments was PtTFPP on polymer/ceramic.  The 

polymer/ceramic basecoat is prepared as follows: first, 12 mg of ceramic dispersant (Rohm and 

Haas D-3005) and 1.5 g of Titanium Dioxide are mixed per 1 g of distilled water.  The resulting 

slurry is then milled with glass beads for a few minutes.  After the milling is complete, the 

polymer (Rhoplex HA-8) is added to the slurry at 3% weight fraction.  The mixture is then 

stirred for several more minutes; the result is the basecoat.  The basecoat is airbrushed onto a 

plastic plug sample in a few thin coats and then given approximately an hour to dry.  The 

luminophore solution is prepared by dissolving 0.3 mg of PtTFPP per mL of methanol.  Using 

another air brush, the solution is then sprayed over the basecoat until the surface is a bright pink 

color. 

 

2.2 Experimental Set-Up 

 To investigate frequency response, an acoustic resonance tube is used because of its 

ability to generate sinusoidal pressure fluctuations over a large frequency range.  A schematic of 

the experimental set-up is shown in Figure 4.  A glass resonance tube was chosen since the UV 

excitation light would cause an acrylic tube to fluoresce.  The tube is 8 in. long and has an 

internal diameter of 1.1 in.  In order to collect data at low frequencies (< 400 Hz), PVC pipe of 

the same inner diameter was fit onto the end of the glass tube so that the total length of the 

resonance tube is 60 in.  At one end of the tube, the painted plastic plug is collocated with a 

pressure transducer that serves as a reference signal.  At the other end, the resonance tube is 

driven by a loudspeaker, which receives a sinusoidal signal from a function generator with an 
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amplitude and offset of 500 mV peak-to-peak and 0 V DC, respectively.  Constant excitation 

light is provided by two 405 nm UV LED arrays (only one is shown in the schematic for clarity), 

and the luminescent emission from the paint is recorded by a Hamamatsu H9305-3 

photomultiplier tube fitted with a 570 nm long-pass optical filter.  Both the PMT and transducer 

signals are then recorded by a Lecroy WaveRunner 44Xi digital oscilloscope.  The direct output 

of the PMT is a current.  However, the scope requires a voltage, so a 22 kΩ resistor was placed 

across the positive and negative output leads.  To correct for photodegradation the PMT signal is 

split.  To record the fluctuating luminescent signal, one is passed through a Krohn-Hite 3364 

analog filter, which applies a 50 dB gain and a 4
th

-order Butterworth low-pass filter with a cutoff 

frequency of 200 kHz, before being AC-coupled to the scope.  The other is DC-coupled directly 

to the scope in order to obtain the mean luminescent signal.  The procedure for the 

photodegradation correction will be discussed in section 2.4.      

 

Figure 4. Experimental set-up 
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2.3 Data Acquisition 

Data were collected at 18 driving frequencies within the range of 130 to 7030 Hz by 

adjusting the frequency of the function generator output signal.  In order to achieve high signal-

to-noise ratios (SNR), testing frequencies near the resonance frequencies of the closed tube were 

chosen.  To further improve SNR, the PMT signal was averaged for up to 1000 cycles.  At each 

frequency the raw transducer, fluctuating PMT, and mean PMT signals were recorded on the 

scope.  The sampling frequency was varied in order to keep a constant size record length but was 

always kept greater than 1000 times the driving frequency to assure high temporal resolution.  To 

minimize photodegradation, the LEDs were turned off between collection periods so that the 

longest time the sample was exposed to excitation light per collection point was approximately 

one minute. 

     It was discovered that the PMT had a maximum current output so that it was possible 

to reach a “saturation point” where signal levels higher than this point were not reflected in the 

PMT output.  To avoid this, the control voltage from the PMT power source was adjusted so that 

a reasonable signal level was still achieved and an increase in the control voltage would still 

result in an observed signal increase on the scope.  Although the optical filter on the PMT 

eliminates much of the visible light spectrum, the room lights were turned off whenever the PMT 

was on to avoid damaging it. 

2.4 Data Processing 

 All data processing was handled via a MATLAB script that took in the raw data from the 

scope.  As discussed in section 1.1, typically the paint luminescent intensity is converted to a 

pressure via Equation (1).  However, the acoustic pressure fluctuations within the tube were on 

the order of 1 kPa, which is only 0.1% of the mean (ambient) pressure.  Therefore, linearization 
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of Equation (1) is appropriate for this analysis, so all data were left in terms of voltage.  A 

representative time history of the transducer and PMT signals is shown in Figure 5. 

 

Figure 5. Transducer and PSP time histories 

  

First, a Fast Fourier Transform was performed on the transducer and PMT signals to 

obtain first estimates of the amplitude, phase, and frequency.  These estimates were used as 

initial guesses to compute curve fits for the transducer and PMT signals of the form  

 ( ) sin(2 )d offsetV t A f t V      (10) 

where A is the amplitude, fd is the driving frequency,  is the phase, and Voffset is an offset that 

was included because the signals had a nonzero mean level even though they were AC-coupled 

to the scope.  The values of A and  were then used to calculate the gain and phase shift 

according to 
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where the subscripts PSP and T refer to the PSP and transducer signals, respectively.  This 

method requires that the curve fits be very good since even a slight horizontal shift could result 

in an error in the phase calculation of several degrees.  Figure 6 and Figure 7 demonstrate the 

quality of the fits achieved for the transducer and PSP signals, respectively.   

It was found that photodegradation caused the mean PSP luminescent intensity to degrade 

more than 10% over the course of a calibration, which caused an artificial attenuation in the 

fluctuating signal.  To correct this, the fluctuating signal was normalized by the mean signal for 

each data point.    

 

Figure 6. Transducer signal and fit 
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Figure 7. PSP signal and fit 

 

3. Results and Discussion 

3.1 Photodegradation  

 To verify that the photodegradation correction described in the previous section properly 

adjusted the data, a simple test was performed.  If photodegradation is not a factor, then the 

frequency response characteristics should be independent of the order in which the data is 

collected.  A typical sample was calibrated once from low to high frequencies and then again 

from high to low frequencies.  The uncorrected and corrected data for both directions are shown 

in Figure 8.  As the figure indicates, not correcting for photodegradation could result in an error 

in Gain of up to 1 dB.  However, the corrected data for both directions agree well.  Moreover, the 

fact that the phase data agree even without a correction indicates that the frequency response is 

not a function of photodegradation.  
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Figure 8. Photodegradation correction 

 

3.2 Data Validation and Uncertainty Estimation  

 Figure 9 shows the results of a comparison between some of the present data and results 

given by Sugimoto et al. [11] for a typical sample of PtTFPP on polymer/ceramic.  As the figure 

indicates, the present data exhibits slightly more attenuation and a slightly larger phase lag at 

high frequencies.  However, the overall agreement is good, and some of the discrepancies may 

be attributed to greater uncertainty at high frequencies due to lower SNR.  
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Figure 9. Comparison of frequency response data for PtTFPP on polymer/ceramic 

 

In addition, an estimate of the measurement uncertainty was obtained for the present 

experimental apparatus by Peng and Gregory [13].  They prepared three identical typical samples 

and calibrated each of those samples three times.  Figure 10 shows the average of these nine data 

sets along with errorbars extending to one standard deviation above and below the average.  The 

greatest uncertainty in Gain is less than a half decibel and occurs at high frequency; again this is 

due to the lower signal to noise ratio.  Generally, there is less uncertainty in the phase shift, the 

largest being approximately three degrees.  Overall, the uncertainty is quite low, and meaningful 

conclusions can therefore be drawn from the results presented in subsequent sections. 
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Figure 10. Uncertainty estimate 

 

3.3 Surface Roughness 

 To investigate the impact of surface roughness on frequency response, four samples with 

varying degrees of roughness were calibrated and compared.  These included a typical sample, 

two “rough” samples, and a “buffed” sample.  The rough samples were prepared by reducing the 

mass flow of basecoat through the air brush during painting.  This causes moisture in the 

basecoat to evaporate before it is deposited on the sample, leaving only dry clumps.  The buffed 

sample was prepared by painting a typical sample basecoat and then gently rubbing it with a 

cotton cloth; the goal of doing this was to create a smoother surface than a typical sample.  The 

two rough samples and the typical sample are compared in Figure 11.  For clarity, the buffed 

sample is compared to the typical sample in Figure 12 since its frequency response differs 
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drastically from the others.  Clearly, the frequency response improves with increasing surface 

roughness.  This is believed to be because a rougher surface is more porous, which increases the 

oxygen diffusivity.  According to Equation (7), this in turn results in a smaller diffusion 

timescale.   

 

Figure 11. Impact of surface roughness: massflow controlled sample 



18 
 

 

Figure 12. Impact of surface roughness: buffed sample 

 

3.4 Luminophore Application Method 

 As discussed in section 2.1, the luminophore solution is typically sprayed over top of the 

polymer/ceramic basecoat.  This results in the luminophore molecules being distributed in a 

region very near the paint layer surface, which could be an important factor in the paint’s 

frequency response.  In order to verify this, a sample was prepared that would have a more 

uniform distribution of luminophore throughout the paint layer.  This was achieved by using a 

pipette to drop the luminophore solution onto the basecoat surface instead of spraying it, which 

in theory allowed the solution to soak into the polymer/ceramic basecoat layer.  Figure 13 

indicates that the “dropping” method improves the frequency response over the sprayed case.  

This is an unexpected result, since a more uniform luminophore distribution would result in 
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longer diffusion times for oxygen molecules interacting with luminophores deeper within the 

paint layer.  At present the only reasonable explanation seems to be that the dropping method did 

not result in the anticipated distribution; in fact, this would suggest that this method results in 

luminophores being deposited even nearer the surface than in the spraying method.  During 

preparation of the “dropped” sample, it was observed that the luminophore solution sat on the 

polymer/ceramic surface for a long time, so it is likely that the solution did not soak through the 

basecoat layer and the methanol simply evaporated, leaving the luminophores on the surface. 

 

Figure 13. Impact of luminophore application method 
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3.5 Luminophore Dependency 

 Sugimoto et al. examined the dependency of PC-PSP frequency response on luminescent 

lifetime [11].  The two luminophores chosen were PtTFPP and RuDPP.  However, both of these 

have luminescent lifetimes on the order of 1-10 μs, so it is possible that the response 

characteristics of the paint could change if a luminophore having a much shorter lifetime was 

used.  TCPP was considered since it has an extremely short lifetime (~ 4 ns).  However, its 

pressure sensitivity in the polymer/ceramic basecoat is extremely poor, as indicated by a static 

calibration shown in Figure 14.  Even over the wide range of pressures shown, its change in 

luminescent intensity was less than 5%, making unsuitable for resolving acoustic pressure 

fluctuations. 

 

Figure 14. TCPP static calibration 
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3.6 Optical Density 

 Thus far, all investigations of PC-PSP have been performed with the luminophore 

molecules being located in immediate contact with the test gas.  By forcing oxygen to first 

diffuse through some finite thickness of basecoat before interacting with the luminophore 

molecules, it may be possible to alter the frequency response.  To this end, an experiment was 

performed where a typical sample was prepared, and then a very thin additional layer of the 

polymer/ceramic basecoat was sprayed over the luminophore.  In order to quantify how much 

this additional layer of basecoat altered the characteristics of the paint, it is instructive to adopt a 

modified definition of optical density.  Traditionally, optical density is used to describe what 

percentage of the incident excitation photons is absorbed.  Schairer [12] uses the definition of 

unit optical density as 

 h c    (12) 

where σ is the luminophore absorption cross section, c is the luminophore concentration in the 

binder, and h is the binder  layer thickness.  Thus, it is primarily a property of the specific 

luminophore and luminophore distribution.  Here, optical density is used as a term meant to 

describe the polymer/ceramic basecoat; it is a measure of the percentage of luminescent emission 

that is “blocked” due to the presence of the additional over-sprayed layer:   

 
* *

1 1
ref ref

PC

ref ref

I V

I V
       (13) 

where the subscript PC refers to polymer/ceramic, the subscript ref has the same meaning as in 

Equation (1), V the voltage from the PMT, and the asterisk denotes the case of no over-spray.  

Because δPC rapidly approaches unity as more basecoat is over-sprayed, it is in essence a 

measure of the extent to which oxygen molecules must diffuse through the binder before 
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interacting with luminophore molecules.  The prepared sample has an optical density of 0.53.  

Figure 15. Optical density comparison compares this sample to a typical sample, i.e. δPC = 0, and 

indicates that nonzero optical density does indeed result in a slower response.  Again, this is a 

consequence of the luminophores not being directly exposed to the air.   

 

Figure 15. Optical density comparison 

 

3.7 Comparison with Established Models 

 Previously, it has been suggested that the appropriate representation of PC-PSP frequency 

response is that of a first-order system [11].  According to the Equation (9), this is valid only if 

the diffusion timescale is negligibly short when compared to the luminescent lifetime.  However, 

the results of the previous sections have provided evidence suggesting that the mechanism of 



23 
 

diffusion is still present in the dynamic response of PC-PSP.  In this section, some of those 

results are compared with both a lifetime only model given by Equation (8), and a combined 

model for lifetime and diffusion given by Equations (5), (8), and (9).  The lifetime only model 

This was done by fitting curves to the data.  For the lifetime only model, the lifetime, τL, was the 

parameter varied, and for the combined model, both the lifetime and the ratio of the diffusion 

timescale to the lifetime, τD/τL, were varied.   

 The comparison using the typical sample is shown in Figure 16.  Generally, both models 

fit the data very well, although the combined model fits the Gain data slightly better in the 

neighborhood of the breakpoint.  The reason for this level of agreement is that the diffusion 

timescale is small relative to the lifetime, the timescale ratio being τD/τL = 0.436 for this case.  

Figure 17 shows the same curves plotted against nondimensional angular frequency, normalized 

by the lifetime.  The range of testing frequencies approximately corresponds to the 

nondimensional frequency range of 10
-2

 -10
0
.  As Figure 17 indicates, the differences between 

the lifetime only model and the combined model with this timescale ratio only become 

significant for nondimensional frequencies greater than 10
0
. 

 Comparisons were also made for the over-sprayed sample, described in section 3.7, and 

the buffed sample, described in section 3.3.  They are shown in Figure 18 and Figure 19, 

respectively.  In these cases the lifetime only model agrees very poorly with the data.  The 

combined model, on the other hand, agrees quite well, with the exception of the phase data for 

the buffed sample.  The fact that the combined model represents the frequency response 

characteristics much better than the lifetime only model is reflected in the calculated timescale 

ratios: 2.37 for the over-sprayed sample and 7.72 for the buffed sample.  Both of these ratios are 
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significantly larger than the one computed for the typical sample, indicating that diffusion plays 

a much more prominent role in the frequency response.     

 

Figure 16. Model comparison for typical sample 
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Figure 17. Expanded view of model comparison, plotted against nondimensional angular frequency 
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Figure 18. Model comparison for over-sprayed sample 
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Figure 19. Model comparison for buffed sample 

 

4. Conclusions 

 

 Investigations of the role of diffusion in PC-PSP frequency response were performed by 

“perturbing” the standard formulation through alterations of the polymer/ceramic basecoat 

physical structure and then observing the changes in response characteristics that resulted.  These 

alterations included surface roughness, luminophore application method, and optical density.  It 

was found that all of these influenced the frequency response characteristics, strongly suggesting 

that diffusion is indeed a relevant mechanism governing PC-PSP frequency response.  This 

evidence was then strongly supported via a comparison of two models for the frequency 

response.  A model that accounted for the luminescence process only agreed well with the typical 
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formulation, but failed to properly represent some of the altered cases.  However, another model 

that accounted for both luminescence and diffusion was found to be in good agreement with the 

typical formulation as well as the altered ones.  With these results it is evident that while 

luminescent lifetime may be the most dominant timescale, the diffusion timescale is at least 

within an order of magnitude.  Therefore, it is important to include diffusion effects when 

attempting to calculate the transfer function.  However, it was noted that the two models do not 

differ greatly within the present experimental nondimensional frequency range of 10
-2

 -10
0

.  

Consequently, for further verification purposes, there would be much benefit from the ability to 

test at much higher frequencies where the two models differ significantly.  This would likely 

require an apparatus other than an acoustic resonance tube since large amplitude pressure 

fluctuations would be required to generate a reasonable signal.  

 Additionally, the presence of diffusion effects suggests that improvements can still be 

made to the polymer/ceramic basecoat formulation to improve its frequency response 

characteristics.  In order to do this, a more thorough investigation of how oxygen diffuses into 

the complicated, porous binder structure may be required since the assumption of one-

dimensional, Fickian diffusion, described by Equation (2),  is likely not valid for this case. 

 Ultimately, determination of an appropriate transfer function would potentially allow the 

development of a dynamic compensator for unsteady PSP data.  Each image pixel would be 

treated as an individual transducer with some pressure time history.  After performing an FFT on 

this time history, the transfer function would be used to correct for attenuation and phase shifting 

of the high frequency signal content.  Then, this corrected data would be inverse transformed, 

resulting in the true pressure map.  Implementation of such a compensation method would 

greatly extend the utility of fast-response PSPs for unsteady aerodynamic testing.  
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