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Highlights:  8 

• Quantification of convective influence zone for gas-fired radiant panel arrays. 9 

• Quantification of thermal feedback effects on the presumed boundary conditions. 10 

• Suggestion of a correction method for thermal feedback effects. 11 

Abstract: 12 

Gas-fired radiant panel arrays (RPAs) are a common experimental tool used in fire science and 13 
material testing. Unlike devices such as Cone Calorimeter or the Fire Propagation Apparatus 14 

(FPA), RPAs typically consume gaseous fuel within a porous medium through which fuel is burnt. 15 
When RPAs are used, thermal feedback from the surface of heated samples, as well as the effects 16 
of hot gases within the zone of convective influence of the RPA will cause an increase in the 17 

surface temperature of the RPA. To investigate this, experiments were conducted using a gas-fired 18 

RPA. Target samples made from vermiculite board, concrete, and a water-cooled aluminium plate 19 
were exposed to various severities of pre-calibrated incident radiant heat fluxes (HF). It was 20 
confirmed that the presence of a target sample led to an increased surface temperature for the RPA 21 

of nearly 80 °C (for a calibrated incident HF of 144 kW/m2). This increased surface temperature 22 
results in an incident HF nearly 78% higher than the pre-calibrated value at the sample’s surface. 23 

Based on the results in this paper, a correction method has been proposed which can be used by 24 
gas-fired RPA users to account for the increase in incident heat fluxes. 25 

 26 

Keywords: heat transfer; radiant panel arrays; thermal environment; thermal feedback; incident 27 
heat flux. 28 

 29 

1. Introduction 30 

Externally applied radiant heat fluxes (HF) are a common thermal boundary condition used in the 31 

field of fire science, for both standard tests and exploratory experiments. Various instruments may 32 
be used to generate radiant HF, including electrical coils in the Cone Calorimeter [1], lamps in the 33 
Fire Propagation Apparatus (FPA)[2], and gas-fired radiant panel arrays (RPAs) in e.g. the “H-34 
TRIS” methodology [3]. The latter generally comprises a porous medium in which a mix of gas 35 
and air are burned at a constant rate so to maintain a constant temperature at the panel surface. 36 

When choosing appropriate equipment for testing, RPAs have advantages in robustness, 37 

scalability, and the ability to produce comparatively high heat fluxes (panel temperature can 38 

exceed 1200 °C for some systems). Further, the modularity of RPAs makes them adaptable 39 
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(compared to the cone calorimeter or FPA) should users want to investigate new configurations or 40 
larger scales. Users of gas-fired RPAs have utilised them to experiment on a range of varied 41 
materials and using different thermal boundary conditions [4]–[13]. 42 

The coil of the cone calorimeter and lamps of the FPA control the power of the apparatus by 43 
varying the temperature of the radiating element (i.e., the cone or bulb temperature). The 44 
relationship between element temperature and HF is then used to regulate the HF exposure of the 45 
test sample. Conversely, gas-fired RPAs are typically operated so as to produce a constant 46 
temperature as a result of the combustion taking place within the porous matrix; as such, the 47 

desired incident HF to which a target sample is subjected is varied by changing the separation 48 
distance between the RPA and the target sample (and hence the view factor for radiation). 49 
Experiments requiring high heat fluxes use smaller separation distances between the RPA and the 50 

target sample compared with experiments that require lower heat fluxes. For the highest incident 51 
heat fluxes – and hence the lowest separation distances – it is possible for the target sample to be 52 
located within the plume generated by the RPA. The interaction of these hot gases with the target 53 
therefore increases the complexity of the thermal exposure. The target is subject to both an external 54 

radiant flux, and a convective boundary condition associated with the flow of hot gases. The plume 55 
generated in front of the RPA may be affected by the pressure drop across the RPA mesh, however 56 

this is would not be causing variations from one set of experiment to the next one. 57 

A recent preliminary study by the authors also demonstrated that the potential for a non-negligible 58 
radiative feedback between the target sample and the RPA – causing an increase in the panel 59 
surface temperature [14] particularly at smaller separation distances between the RPA and the 60 

target samples. This feedback has the potential to invalidate the fundamental assumption of 61 

constant panel temperature throughout the duration of an experiment. These two considerations 62 
(convective influence from the plume, and radiation feedback from the sample to the RPA) are 63 
likely to impact on the accuracy and validity of any experiments using an RPA for a calibrated, 64 

radiant heat flux. Understanding these effects and accounting for them is therefore important for 65 
those wishing to obtain reliable, quantified data from experiments with RPAs. This paper sets out 66 

a systematic investigation of the effects of the testing environment on the thermal boundary 67 
conditions imposed on potential target samples under a range of relevant conditions.  68 

 69 

2. Methodology   70 

To investigate the extents of the zone of convective influence and the magnitude of the effects of 71 
radiation feedback from the sample to the panel, a mobile RPA (also known within the community 72 

as H-TRIS) at the University of Edinburgh was used [15]. The specific RPA used in this study 73 
comprises four burners that reach a temperature of approximately 1200 °C under normal (free 74 
space) operating conditions. After ignition of the panels, the flow of gas to the porous medium is 75 
stabilised at approximately 1.25 grams per second, and electrical fans are used to pre-mix the fuel 76 
with air in optimised proportions before entering the combustion media. The gas used is 77 

commercially available propane, while the air supply to the panels is 60 g/s as specified by the 78 
panel manufacturers.   79 

2.1. Location of hot gases 80 

To detect the extent of the zone of convective influence, gas phase thermocouple measurements 81 

were made at various separation distances from the RPA and at various heights. Two sets of 82 
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measurements were made, one with a small vermiculite heat barrier (50 mm × 50 mm) between 83 
the thermocouple and the RPA, and one without. The intent of the heat barrier was to block direct 84 
radiation from the RPA – and therefore allow the location at which there was an onset of 85 
convective influence to be identified. This concept has been shown graphically in Figure 1. Further 86 
measurements were made using a 0.5 mm Inconel sheathed Type K thermocouple (TC) at nine 87 

separation distances from the RPA surface, namely 50, 75, 100, 125, 150, 200, 300, 400, and 500 88 
mm. This process was repeated at various points across the surface of the RPA. Additional details 89 
of the approach used are reported in [14]. Once these data were gathered, the boundary of the zone 90 
of convective influence was (semi-arbitrarily) defined using the criterion given in Equation 1: 91 

(𝑇𝑠𝑢𝑟𝑓 − 𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑)/(𝑇𝑠𝑢𝑟𝑓 − 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡) =  0.9.             (1) 92 

Where 𝑇𝑠𝑢𝑟𝑓 is the surface temperature of the RPA, measured directly using 4 thermocouples that 93 

were placed within the porous medium, 𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 is the measured gas-phase temperature, and 94 

𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡 is the ambient temperature.  95 

 

I 

Figure 1 A schematic showing the set up used to establish the extent of the zone of convective 

influence. In the first case (left), a small vermiculite barrier prevents radiation from reaching the 

TC, while the TC is fully exposed to oncoming radiation from the RPA in the second scenario 

(right). 

 96 

2.2. Feedback to panels 97 

To establish the degree to which radiant feedback to the panels from the sample might influence 98 
the RPA temperature and hence the imposed incident heat flux, a series of experiments was carried 99 

out with four different targets with varying thermal inertia. The intent was that each of these target 100 
surfaces would have different time-histories of surface temperature under a given calibrated 101 
incident HF exposure, and would thus produce different heat feedback to the panels of the RPA.  102 

The first configuration was representative of the configuration that is typically used to calibrate 103 

gas-fired RPAs. That is, a free floating, water-cooled HF gauge (see Figure 2) was used, without 104 

any surrounding sample. The HF gauge was manufactured by Hukseflux, with a rated 105 

measurement range of 250 kW/m2 and a calibration uncertainty of ±0.006 × 10-6 V/(W/m). Two 106 
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additional configurations corresponded to target specimens that were representative of commonly 107 
tested materials were also tried. Specimens of concrete and vermiculite board of plan dimensions 108 

400300 mm were placed in front of the RPA. The HF gauge was embedded in the sample in such 109 
a way that the gauge was flush with the surface of the target sample (see Figure 2). This approach 110 
allowed the differences due to the presence of a heated target sample to be quantified. For these 111 
experiments, the sides of the (water-cooled) HF gauge were insulated from the walls of the target 112 
sample using two layers of ceramic paper.  113 

The final experimental configuration used a water-cooled aluminium plate (again 300400 mm in 114 
plan dimensions). The objective was to eliminate significant temperature increase at the target 115 
surface – thereby eliminating any radiant feedback from the specimen to the RPA. The water-116 
cooled plate was fabricated using aluminium hollow sections (with a wall thickness of 6 mm) that 117 

were welded together; this allowed for an even flow of high volume of water through the plate. 118 
The plate was coated with a highly emissive matt black paint to mitigate reflection to the RPA. A 119 
50 mm diameter hole was also fabricated into the centre of the water-cooled aluminium plate to 120 
enable an HF gauge to be placed in that location during the experiments (see Figure 2). The water-121 

cooled plate was painted matt black. The surface temperature of the water-cooled aluminium plate 122 

was monitored using two Type K TCs that were welded to its exposed surface. The water flow 123 
through the water-cooled plate during the experiment was 0.185 litres/second.  124 

Figure 2 shows the various HF gauge arrangements used in this study. For each scenario, incident 125 

HF was measured at separation distances of 100, 125, 150, 200, 300, 400, 500, 750 and 1000 mm. 126 
In addition to recording the incident heat flux, the temperature of the RPA was monitored using 127 
four Inconel-sheathed Type K TCs that were placed within the porous medium of the panels. The 128 

intent of this was to allow for any changes in temperature of the panels to be measured directly (as 129 
well as indirectly via radiation measurements from the HF gauge). Measurements from the type K 130 

TCs were verified using a platinum TC with a maximum operating temperature of 1500 °C.  131 

All heat flux measurements were averaged over a 1 min period, over which the heat flux reading 132 
fluctuated by no more than 2 kW/m2. The time to reach a steady heat flux value was material 133 

dependent; concrete, for example, required upwards of 10 min to reach a steady condition due to 134 
the high thermal inertia and delayed heating of the solid compared to vermiculite which stabilized 135 

in approximately 2 min or less. 136 

 137 



5 
 

 
Figure 2 Diagrams showing the set-up used for to measure feedback. On the left, the 

HF gauge is situated in free space (No Sample), while on the right, the HF gauge is 

embedded in a target sample and a restraining frame faced with vermiculite boards 

that are flush with its surface (Concrete, Vermiculite, and Water-cooled plate 

samples). 

 138 

A vermiculite protection board (with a window in the middle for the samples) was used for all the 139 

cases except when measurement was being recorded for the no sample case. The vermiculite shield 140 
was used to protect the instrumentations behind it from exposure to heat (see Figure 3).  141 

 
Figure 3 An example of the set up used to measure the heat feedback from the target 

samples to the RPA. The vermiculite shield can be seen in the picture too.  

 142 

3. Results and discussion  143 

3.1. Zone of convective influence  144 

RPA 

Vermiculite 

shield  

HF gauge 

Embedded in the 

target sample  
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As stated in Section 2.1, the onset of the zone of convective influence (i.e., the extent of the plume 145 
of hot gas generated by the RPA) was determined by employing a TC with and without a 50 mm 146 
× 50 mm vermiculite radiation barrier (see Figure 1). Figure 4 demonstrates the efficacy of the 147 
radiation shield up to a separation distance of 200 mm. When the separation distance was reduced 148 
to 150 mm, both sets of measurements exhibited similar results, confirming the TC's placement 149 

within the zone of convective influence. The extent of the zone of convective influence was (more 150 
accurately) determined through unshielded gas phase thermocouple data and Equation (1). With 151 
the surface temperature of the RPA measured at 1200 °C and assumed to remain constant in these 152 
trials, and taking the ambient temperature to be 25 °C, Equation (1) was used to produce Figure 5; 153 
The zone of convective influence defined in this way extended to a maximum of 192 mm from the 154 

surface of the RPA. Thus, any target sample less than approximately 200 mm away from the 155 
surface of the RPA is thus likely to be significantly influenced by the zone of convective influence. 156 

Figure 5 (solid black line) shows the extent of the zone of convective influence defined in this way 157 

at various points over the height of the RPA (with the face of the RPA located at zero on the x-158 
axis). Figure 5 also shows the temperatures measured in the gas phase (unshielded); these 159 
measurements were taken the points shown in red dots.   160 

  

Figure 4 Measured temperature using a 

0.5 mm TC with and without the use of a 

50 mm2 vermiculite barrier. 

Figure 5 Gas phase temperature profiles 

obtained using unshielded TCs (grid 

shown in red dots). The extent of the 

zone of convective influence defined as 

discussed is also shown. 

 161 

3.2. Heat flux measurements  162 

The results of the HF measurements using an HF gauge in isolation is shown in Figure 6.  A 163 
comparison between the measured values of incident HF perpendicular to the centre of the RPA 164 
(at given separation distances) and calculated values of the incident HF at the same positions is 165 

also shown in Figure 6. The calculated values are derived based on the view factor method outlined 166 
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in [16]. The surface temperature of the RPA was measured as approximately 1200 °C (±21), and 167 
an emissivity of (0.78) was utilised, which was obtained from [17]. Figure 6 shows that the initial 168 
calculated HF (up to a separation distance of 200 mm) accords well with the measured values for 169 
the same separation distance (approximately 2 kW/m2, or 7% difference at a separation distance 170 
of 500 mm ).  171 

However, for separation distances of 200 mm or less, the measured values of the incident HF were 172 
found to be larger than the calculated incident HF; when the distance between the HF gauge and 173 
the RPA was 100 mm, the measured incident HF was nearly 21% higher (25 kW/m2 higher) than 174 

the estimated incident HF value. With reference to Figure 2, this discrepancy is likely the result of 175 
the HF gauge being within the plume of the RPA (i.e., the zone of convective influence), since the 176 
zone of the convective influence of the RPA extends to nearly 200 mm from the surface of the 177 

RPA at the RPA mid-height. This effect is similar to what has been reported for the cone 178 
calorimeter [18], where the fraction of the heating flux accounted for by convection was in the 179 
region of 8-12%, although the convective zone in the Cone Calorimeter, unlike in the RPA, is the 180 
result of natural convection alone. It is assumed that the larger fraction observed for the RPA 181 

(compared to the Cone Calorimeter) was due to the forced flow of air required to maintain the 182 
combustion taking place within the porous medium of the RPA, compared to the natural 183 

convection of the cone.  184 

 

Figure 6 Calculated incident HF compared to that measured with a water-cooled HF gauge 

at the centre of the RPA (as a function of separation distance from the surface of the RPA) 

Close proximity between the RPA and the HF gauge (i.e. proximity where the above influences 185 
can become important) is a common when employing gas-fired RPAs for experiments that require 186 

heat fluxes in excess of 80-100 kW/m2 [19].  187 

3.3. Sample Heat Feedback 188 

Figure 7 shows the results of the measured incident HF both with and without the presence of a 189 

target sample (vermiculite, concrete, and water-cooled plate samples). As already mentioned, the 190 
HF gauge was embedded in the centre of the target sample, flush with its surface. The results show 191 

that the presence of a sample increased the incident heat flux measured; when a concrete sample 192 
was used, the HF (for a separation distance of 100 mm) was nearly 57% higher (227 kW/m2) than 193 
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when no sample was present (144 kW/m2). The difference in the measured HF was 78% (for the 194 
same separation distance) when a vermiculite sample was used (256 kW/m2). Figure 7 also shows 195 
that the difference in the incident HF between the various arrangements was negligible when the 196 
separation distance was 500 mm or more. The variation between the increased incident HF for 197 
concrete and vermiculite samples only appears when the separation distance is about 150 mm or 198 

less. This could be explained by thermal response of the samples to the heat exposure; the 199 
vermiculite sample had a thickness of only 25 mm while the concrete sample had a thickness of 200 
50 mm. This caused the vermiculite sample to thermally bow towards the RPA more than the 201 
concrete sample (which was restrained more by its colder regions). This means that the vermiculite 202 
sample was effectively closer to the RPA surface than the concrete sample was at high heat fluxes. 203 

This observation was visually estimated (as opposed to measured) to be in the order of 10-15 mm.  204 
Nonetheless, the difference mentioned falls within the margins of the gauge uncertainty for such 205 

high heat fluxes, as shown in Figure 7.  206 

For the cases where a heated sample was used, the increase in the measured values of the incident 207 
HF was explained by the heat feedback (through radiation) from the surface of the heated samples, 208 

and through convection from the zone of convective influence. The heat feedback leads to an 209 
increase in the surface temperature of the RPA, which leads to a higher incident HF. The increased 210 

surface temperature of the RPA has been shown in Figure 8. This phenomenon has been accounted 211 
for in devices such as the cone calorimeter where a series of TCs record the surface temperature 212 
of the coil and the power input is manipulated to maintain a constant surface temperature [20]. 213 

Given that the gas and air flow into the RPA is kept constant, a rise in the surface temperature of 214 
an RPA is inevitable (provided no mitigating action is taken) once a heated target sample is placed 215 

in front of it.  216 

Figure 7 also shows the measured HF when a water-cooled plate was used. The measured HF for 217 
the water-cooled sample was recorded to be bigger than the HF values for the no sample case (17% 218 

at a separation distance of 100 mm). The difference between the HF values for the water-cooled 219 
sample and the no sample case can be seen to appear once the separation distance is 300 mm or 220 

less. 221 

 

Figure 7 Measured incident HF at the centre of the RPA with and without the presence of a 

target sample. Results for both vermiculite and concrete target samples shown. 
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The higher HF values for the water-cooled sample compared to the no sample case could be 222 
explained by the small increase in the RPA surface temperature due to the heat feedback from the 223 
vermiculite shield used (see Figure 3).  224 

The increased surface temperature of the RPA was thus observed to depend significantly on the 225 
nature (i.e. heating) of the target sample; for a vermiculite target sample, the increase in the surface 226 
temperature of the RPA was recorded to reach nearly 80 °C at a separation distance of 100 mm, 227 
while an increase of only 14 °C was measured the same separation distance when a water-cooled 228 
plate was used. The rise in the surface temperature of the RPA is shown as a function of the 229 

separation distance between the RPA and the target sample in Figure 8. The rise in the surface 230 
temperature of the RPA would be originating from the heated target samples, as well as a small 231 
contribution from the vermiculite shield (see Figure 3).  232 

 

Figure 8 Increase in the surface temperature of the RPA as a function of the separation 

distance for different cases 

As mentioned earlier, the difference between the measured HF when a water-cooled plate was 233 

used, and when the HF gauge was used in isolation was 17 % (for a separation distance of 100 234 
mm). This can be clearly seen in Figure 9; the lack of a significantly heated target surface (i.e., 235 
using a water-cooled plate) leads to a sizeable reduction in the value of the measured incident HF 236 

compared to the case of vermiculite or concrete target samples. The slight increase in the surface 237 
temperature of the water-cooled sample, coupled with the presence of the vermiculite shield, led 238 

to a small increase of the RPA’s surface temperature, which then led to the increase in the value 239 
of the HF shown in Figure 9. 240 
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Figure 9 The measured difference of incident HF (as a function of the separation distance) 

between the no sample case and the water-cooled sample, vermiculite sample, and the concrete 

sample. 

During the experiments, the surface temperature of the water-cooled plate was measured using two 241 
TCs that were welded to the surface of the plate. Figure 10 shows the steady-state temperature of 242 

the surface of the plate as the separation distance decreased. The surface temperature of the plate 243 
reached temperatures as high as 178 °C at the separation distance of 100 mm even with water 244 

cooling. 245 

 

Figure 10 Increase in surface temperature of the water-cooled plate 
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2- The radiant heat feedback to the RPA from the surface of the heated target samples.  250 

Measurements taken confirmed that the magnitude of the incident HF for the water-cooled plate 251 
was greater than that measured with the HF gauge in isolation, but lower than the values recorded 252 

using concrete or vermiculite samples (see Figure 9).  253 

3.4.1. The effect of the convection zone and the thermal feedback  254 

To decouple the effects of the zone of convective influence from the effects of the radiant heat 255 
feedback, the analysis below can be conducted under the following assumptions. First, the total 256 
HF received by the HF gauge can be defined as: 257 

�̇�𝑖𝑛𝑐
" = 𝜙𝜀𝜎(𝑇𝑅𝑃𝐴

4 −   𝑇𝐻𝐹𝑔𝑎𝑢𝑔𝑒
4 ) + �̇�𝑐𝑜𝑛𝑣

"                         (2) 258 

Where �̇�𝑖𝑛𝑐 
"  is the incident heat flux, 𝜙 is the view factor, 𝜀 is the emissivity, 𝜎 is the Stefan 259 

Boltzmann constant, 𝑇𝑅𝑃𝐴 is the surface temperature of the RPA (in Kelvin), and �̇�𝑐𝑜𝑛𝑣
"  represents 260 

the portion of the heat transfer taking place through convection. 261 

Since the surface temperature of the HF gauge is low due to water cooling, the contribution of 262 

𝑇𝐻𝐹𝑔𝑎𝑢𝑔𝑒
4  in the first portion of equation 2 can be omitted. If the temperature and emissivity of the 263 

RPA remain constant, as assumed, and the measured incident HF is solely due to radiation 264 

(excluding �̇�𝑐𝑜𝑛𝑣
"  in Equation (2)), (�̇�𝑖𝑛𝑐

" /𝜙) can be plotted as a horizontal line against the 265 

separation distance. Figure 11 shows this for the cases examined in this study. 266 

Regarding the No Sample case, Figure 11 shows the value of (�̇�𝑖𝑛𝑐
" /𝜙) deviates from the reference 267 

line as the separating distance becomes smaller, indicating a change either in Emissivity, surface 268 

temperature, or contribution from convection. Given that there was no measurable change in the 269 
surface temperature (see Figure 8), and with the emissivity assumed to remain constant, all of the 270 

rise shown in Figure 11 can be attributed to convective influences. For the No Sample case, the 271 

deviation in the value of (�̇�𝑖𝑛𝑐
" /𝜙) from the reference line appears to go beyond the 200 mm that 272 

was defined as the extent of the convection zone of the RPA (see Figure 4); this may be attributed 273 
to uncertainties inherent in the measurement methods, such as view factor calculations, convective 274 

effects from ambient air, and other factors. In fact, the increase in (�̇�𝑖𝑛𝑐
" /𝜙) beyond a separation 275 

distance between 500 and 200 mm is minimal (less than 10% for the no sample case at 300 mm). 276 

For the other cases, the higher values of (�̇�𝑖𝑛𝑐
" /𝜙) appear to be the result of heat feedback to the 277 

RPA, primarily from the heated samples and some additional contribution from the vermiculite 278 

shield (as indicated in Figure 11). In the case of the water-cooled sample, the increased value of 279 

(�̇�𝑖𝑛𝑐
" /𝜙) stems from both convection and heat feedback from the vermiculite shield. Figure 11 280 

also illustrates a similar trend amongst all cases when the separation distance is large (between 281 
1000 mm and 300 mm). However, as the separation distance drops below 300 mm, divergence 282 

becomes evident between cases involving heated samples (concrete or vermiculite) and cases with 283 
no sample or a water-cooled sample. While all cases show an upward trend, indicating a higher 284 
incident heat flux, the cases with concrete and vermiculite samples show a more significant 285 
increase compared to the other cases; this is attributed to feedback from the surface of the heated 286 
samples. 287 
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Figure 11 The measured incident HF (�̇�𝑖𝑛𝑐
"

) divided by the view factor (𝜙) at each separation 

distance. 

Based on the measured values of the incident heat fluxes for each case, the expected surface 288 
temperature of RPA can be also approximated, if the other factors shown in Equation (2) are 289 
assumed as constants, and omitting the convective portion of Equation (2). By doing this, equating 290 

the temperature values demonstrates what the surface temperature of the RPA would have been if 291 
all the extra HF was coming from radiation alone. Thus, the expected surface temperature of the 292 

RPA (for a given separation distance) can be calculated from: 293 

𝑇𝑅𝑃𝐴 = √
�̇�𝑖𝑛𝑐

"

𝜙𝜀𝜎

4

                   (3) 294 

The difference in the calculated increased surface temperature of the RPA for the vermiculite and 295 
the water-cooled samples, compared to the (directly) measured values, has been shown in Figure 296 

12. For the case of no sample, the expected surface temperature of the RPA is rising, even though 297 
direct measurements of temperatures showed no such rise. However, it can be noticed that the rise 298 
in the computed expected temperatures for the no sample case are almost negligible until the 299 
separation distance is 300 mm or less. Further, it was observed that the measured value of the 300 

increase in the surface temperature of the RPA for the water-cooled sample was less than the 301 

calculated values. This confirms that the increased HF in the cases of water-cooled plate and no 302 

sample came mainly from the effects of the zone of convective influence (with some contribution 303 
from the heat feedback from the vermiculite shield for the water-cooled plate). Figure 12 also 304 
shows that heat feedback from the heated samples drive up the surface temperature of the RPA 305 
once the separation distance is about 300 mm or less, and are less important for the surface 306 
temperature of the RPA for larger separation distances (for this particular RPA and sample 307 

configuration).  308 
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Figure 12 The increase in the surface temperature as calculated from Equation (3), and the 

direct measurements obtained from experiments. 

3.4.2. Quantifying the effects of the thermal feedback 309 

Given that the measured increase in the surface temperature of the RPA is dependent on the target 310 

sample, it is possible to show the “additional” measured HF as function of the measured increase 311 
in the RPA surface temperature for the vermiculite and the water-cooled sample. The radiant 312 

incident HF for each case can be written as: 313 

�̇�𝑟𝑎𝑑 (𝑊𝐶)
" = 𝜙𝜀𝜎𝑇𝑅𝑃𝐴,𝑊𝐶

4                 (4) 314 

�̇�𝑟𝑎𝑑 (𝑉)
" = 𝜙𝜀𝜎𝑇𝑅𝑃𝐴,𝑉

4                   (5) 315 

Where �̇�𝑟𝑎𝑑 (𝑊𝐶)
"  is the radiant HF when a water-cooled plate is used, and �̇�𝑟𝑎𝑑 (𝑉)

"  is when a 316 

Vermiculite sample is used. When considering the two experimental conditions (i.e., vermiculite 317 

and water-cooled plate), the view factor for any given separation distance remains constant. While 318 
the emissivity of the RPA may change slightly as a function of temperature, the variation is 319 

assumed negligible over the range of temperature differences used in this analysis. This leaves the 320 

irradiance of the panel to be dependent on the magnitude of 𝑇𝑅𝑃𝐴
4 . 321 

The increase in the incident HF when using a vermiculite sample can thus be written as: 322 

𝐻𝑒𝑎𝑡 𝑓𝑙𝑢𝑥 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 = ∆�̇�𝑟𝑎𝑑 
"  =  �̇�𝑟𝑎𝑑 (𝑉)

" − �̇�𝑟𝑎𝑑 (𝑊𝐶)
"             (6) 323 

And having noted previously that the view factor and emissivity are assumed constant (for any 324 
given separation distance), the increase in HF would be: 325 

 ∆�̇�𝑟𝑎𝑑 
" = 𝜙𝜀𝜎𝑇𝑅𝑃𝐴(𝑉)

4 − 𝜙𝜀𝜎𝑇𝑅𝑃𝐴(𝑊𝐶)
4               (7) 326 

Equation 7 can be simply written as: 327 

∆�̇�𝑟𝑎𝑑 
"  ∝ 𝜙(𝑇𝑅𝑃𝐴(𝑉)

4 − 𝑇𝑅𝑃𝐴(𝑊𝐶)
4 )                          (8) 328 

Figures 13 and 14 show the result of this exercise; the increase in the measured HF is directly 329 
proportional to the increase in the surface temperature raised to the fourth power. 330 

-30

20

70

120

170

220

270

0 100 200 300 400 500 600 700 800 900 1000

C
al

cu
la

te
d

 R
P

A
 t

em
ep

ra
tu

re

 i
n

cr
ea

se
 (

°C
)

Separation distance (mm)

Vermiculite

Water-cooled

No sample

Water-cooled (measured)

Vermiculite (measured)

No sample (measured)



14 
 

  

Figure 13 comparison between surface 

temperature of the RPA for a vermiculite 

sample and a water-cooled plate. 

Figure 14 The relationship between the 

increase in the measured HF and the increase 

in the surface temperature of the RPA (in 

degrees Kelvin). 

Figure 14 shows that there is a linear relationship between the increase in the surface temperature 331 

of the RPA (to the fourth power) and the measured HF increase. Therefore, an RPA user can 332 
measure the increase in the surface temperature of the RPA to obtain the increased HF that would 333 

not be accounted for in a traditional calibration (i.e., by using a HF gauge in isolation). 334 

The increase in HF values illustrated in this work are a potential concern for those using RPA in 335 
research applications, and ought to be taken into account. To measure the increased heat flux, it 336 

may not be practical to embed HF gauges into test samples (as seen in this study) in all applications. 337 
Therefore, this correlation allows experimentalist to account for calibration errors and increases in 338 
HF boundary conditions that result from thermal feedback during an experiment. The authors 339 

therefore encourage RPA users to monitor the temperatures of the RPA over the duration of their 340 

experiments; if any increase in temperature is observed, this can at least be accounted for when 341 
considering further analysis using the boundary conditions provided by the RPA. The data shown 342 

in Figure 14 also suggest that users can employ control system techniques to regulate the calibrated 343 
HF to target samples. If the RPA temperature is continuously monitored, then a simple PID system 344 
could adjust the panel positions to account for both the calibrated HF at a target location (assuming 345 
a constant panel temperature) and the increase in HF from the elevated RPA temperature. This 346 
would be similar to the principle used in the Cone Calorimeter, except in this case the variable 347 

would be the position of the RPA (relative to the target sample) as opposed to the power supply to 348 
the Cone.  349 

4. CONCLUSIONS  350 

This paper has identified and quantified the effects of the thermal feedback from a target sample 351 
on the thermal boundary conditions when using a gas-fired RPA in fire testing. While other testing 352 
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apparatus such as the cone calorimeter have mechanisms to maintain the surface temperature of 353 
the cone constant during experiments, no such capability currently exists for most gas-fired RPAs.  354 

To investigate this, and using a mobile RPA at the University of Edinburgh [3], [14], [15], incident 355 

heat fluxes at various separation distances were measured under a range of conditions. 356 
Experiments were repeated for varying set-ups, namely: the HF gauge in isolation, the HF gauge 357 
embedded in a vermiculite sample, the HF gauge embedded in a concrete sample, and the HF 358 
gauge embedded in a water-cooled aluminium plate. From the results, the following conclusions 359 
can be drawn: 360 

1. The increase in the surface temperature of a target sample may significantly affect the 361 
thermal boundary conditions provided by a gas-fired RPA. This effect is manifested in an 362 

increase in the surface temperature of the RPA, and, consequently, the heat flux imposed 363 
on the target sample. In this study, the incident heat flux to the heated target sample 364 
increased as much as 78% from the calibrated value due to thermal feedback.  365 

2. It was confirmed that the presence of a Vermiculite sample led to an increase of almost 80 366 
°C (at a separation distance of 100 mm) in the surface temperature of the RPA. By 367 
comparison, the surface temperature of the RPA increased by only 14 °C only (for the same 368 

separation distance) when a water-cooled plate was used in-lieu of a vermiculite sample. 369 
The small rise in the surface temperature of the RPA for the case of the water-cooled plate 370 
appeared to originate from the heat feedback from the vermiculite shield used to protect 371 

the instrumentation from exposure to heat.  372 

3. The zone of convective influence was confirmed to significantly impact on the value of the 373 

measured incident heat flux; however, this effect could be accounted for should the users 374 
of an RPA utilise a water-cooled heat flux gauge to calibrate the RPA. The extent of this 375 
zone (for the particular RPA used in this study) is approximately 200 mm from the surface 376 

of the RPA. 377 

4. The relationship between the increase in the measured heat flux and the surface temperature 378 
of the RPA (raised to the fourth power) is – as expected – linear. This enables the 379 

temperature increase to be corrected for in future experimentation, while the effects of the 380 
zone of convective influence can be accounted for by using a heat flux gauge.  381 

5. The increase in the surface temperature of the RPA is considered important to properly 382 

characterise the boundary conditions imposed on a specimen when using a pre-calibrated 383 

gas-fired RPA. Monitoring the surface temperature of RPAs is thus important during RPA 384 

experiments, so that users can correct for the incident heat fluxes; by using the correction 385 
method offered above or by altering the RPA to account for the rise in its surface 386 
temperature and adjust its position accordingly in real time. 387 

6. VALUES determined in the study might not be directly applicable to other systems, but 388 
the general observations and most importantly the logic behind your correction method are 389 
applicable to any system – and these effects need to be considered by all RPA users.  390 
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