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Abstract 

 

Four types of heat flux gages (Gardon, Schmidt-Boelter, Directional Flame 

Temperature, and High Temperature Heat Flux Sensor) were assessed and compared 

under flux conditions ranging between 100-1000 kW/m
2
, such as those seen in 

hydrocarbon fire or propellant fire conditions. Short duration step and pulse boundary 

conditions were imposed using a six-panel cylindrical array of high-temperature 

tungsten lamps. Overall, agreement between all gages was acceptable for the pulse 

tests and also for the step tests. However, repeated tests with the HTHFS with 

relatively long durations at temperatures approaching 1000°C showed a substantial 

decrease (10-25%) in heat flux subsequent to the initial test, likely due to the 

mounting technique. New HTHFS gages have been ordered to allow additional tests 

to determine the cause of the flux reduction. 
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NOMENCLATURE 
 

SNL Sandia National Laboratories 

°C Degrees Celsius 

deg Degree(s) 

DFT  Directional Flame Temperature heat flux sensor 

Dept. Department 

°F Degrees Fahrenheit 

HTHFS  High Temperature Heat Flux Sensor 

MIMS Mineral-Insulated Metal-Sheathed 

OD Outer Diameter 

ref. Reference 

SS Stainless steel 

TC Thermocouple 

TTC Thermal Test Complex 

SCR Silicon Controlled Rectifier 
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1.  INTRODUCTION 

Like many in the thermal test area, Sandia has a need to measure both temperature and heat flux 

simultaneously in severe environments, such as from liquid hydrocarbon fuel fires or propellant fires. 

Heat flux is the most challenging of the two desired measurements. In liquid fuel fires, fluxes of up to 

about 400 kW/m
2
 can occur, given an intense enough fire. For propellant fires, 1 MW/m

2
 is a common 

flux level. Commercially available gages (e.g., Gardon and Schmidt-Boelter) work very well in liquid 

fuel fires, but there are limitations. For propellant fires optical measurements are the most practical 

method. In either case relatively high uncertainties are common due to several factors (soot build-up, 

convection, etc.). 

There are a number of issues with commercially available gages specific to Sandia tests. Basic 

configuration of many gages requires a hole in the test surface to mount the gage (~1 inch diameter x 3-4 

inches long).  Most of our units under test (UUT) cannot accommodate such a hole. There is also a 

requirement for gage cooling (water cooled gages are the norm for 30-60 minute fires) and providing 

that cooling can sometimes be difficult. In JP-8 fires soot deposition on the (relatively) cold face causes 

the gage to foul. Convection in wind-driven fires sometimes is a non-negligible fraction of the total (e.g., 

25%). These issues sometimes have resulted in not being able to make heat flux measurements at all in 

some tests. 

Several years ago Sandia contracted with Dr. Tom Diller (Virginia Tech) to try to develop a new gage 

that had the following characteristics: 1) Flush mount the gage to the unit under test (UUT) without 

requiring a hole (but could accommodate small holes for screw mounting), 2) No water cooling (or 

cooling of any kind), 3) Not susceptible to soot deposition, 4) Could withstand temperatures of 

~1000°C, and 5) Measure net flux, and infer incident flux using a model (energy balance on gage 

surface). Dr. Diller and his team developed the ñHigh Temperature Heat Flux Sensorò (HTHFS) which 

Sandia has been testing for the last several years. 

This report compares results of the HTHFS to other gage types using identical short duration high heat 

flux step and pulse boundary conditions to obtain confidence in gage performance in our applications. 

The HTHFS was evaluated for robustness. The ñhybridò heat flux data reduction method was used to 

reduce the HTHFS net heat flux data. Finally, terms were estimated to infer incident heat flux (our 

applications require boundary conditions for code inputs; this in turn requires incident fluxes rather than 

net, because net flux is dependent on the surface).  

1) A Gardon type heat flux sensor, 

2) A Medtherm Schmidt-Boelter type heat flux sensor, 

3) A Hukseflux Schmidt-Boelter type heat flux sensor, 

4) A Directional Flame Temperature (DFT) heat flux sensor, 

5) A Thin Film heat flux sensor (determined to be broken, no results are reported), and  

6) A High Temperature Heat Flux Sensor (HTHFS). 
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2.  TEST CONFIGURATION 

The set setup consisted of a 6-sided radiant heat array and miscellaneous equipment.  An Inconel shroud, 

typically used in radiant heat tests (the measured shroud temperature provides feedback to control lamp 

power), was not used in order to achieve the desired step changes in heat flux. Six SCRs (one for each 

panel) were controlled to provide a profile based on desired percent power. Each water-cooled 

aluminum lamp panel was almost fully lamped (missing 1 lamp at the bottom, yielding 62 lamps/panel). 

Assuming each lamp is driven at the rated 6 kW/lamp, each panel requires 372 kW, and a 6-sided array 

requires ~2.2 MW electrical power. Note that each panel has an average heated area of 0.271 m
2
 (420 

in
2
) and at full power each panel produces a heat flux of ~1372 kW/m

2
.  

Each gage was tested separately. Figure 1 shows the location of the gage, at the panel bottom and   

centered in the array (2 panels are swung open for gage installation). All gages were flush mounted, 

facing upward, centered in an insulated board. The array was open at the top (no top hat or reflector). 

 

Figure 1  6-Panel Lamp Array 

 

 

3.  HEAT FLUX PROFILES 

Each gage was subjected to two profiles, herein called a step profile and a pulse profile, and tested three 

times at each profile. 

The step profile increased SCR power in 10% increments from 0% to 50% and back to 0% with a 20 s 

duration between steps. Figure 2 shows that the profile was programmed to change the power between 

steps in 1 s.   

Center location 

for all gages 



 11 

 

Figure 2  Heat Flux Step Profile  

The pulse profile first increased SCR power to 10% power (used to preheat the cold tungsten lamps to 

prevent thermal shock failure) for 15 s, then increased power to 50% and held for 20 s, then back to 10% 

power for 15 s (and then off). Figure 3 shows that the profile was programmed to change the power 

between steps in 1 s. Note that the Hukseflux sensor has an upper heat flux limit of 200 kW/m
2
; both the 

step and the pulse profile peak powers were reduced for that sensor. 

 

Figure 3  Heat Flux Pulse Profile 
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4.  GARDON TYPE HEAT FLUX SENSOR 

The Gardon type heat flux sensor (Figure 4, Medtherm Model 64-100-18 (0-100 BTU/ft
2
s (0-1.14 

MW/m
2
), Ser.# 175671, smooth body, no flange, water cooled, 180° view, 0.91 absorptance) measured 

total heat flux. It had a full scale output of 12.98 mV at 1000 kW/m
2
 (yielding an inverse responsivity of 

77.04 kW/m
2
/mV). 

  

Figure 4  Gardon Total Heat Flux Gage 

The Gardon gage, shown in Figure 5, was mounted flush with the insulated board surface, facing 

upward. A portable chiller was used for cooling water, with the chiller water temperature set to 

approximately 20°C. Output from the Gardon gage was calibrated to incident heat flux by the 

manufacturer.  Data reduction was based on the manufacturersô calibration data. 

 

Figure 5  Gardon Gage Mounted inside the 6-Panel Array 

In these tests, there was no forced convection, and free convection is minimized by facing the gage 

upward.  However, based on correlations for a flat disc facing upwards, and assuming the gage 

temperature is 20°C, a convective contribution could be about 10 kW/m
2
 at a free stream temperature of 

600°C and about 20 kW/m
2
 at a free stream temperature of at 1000°C.   
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Manufacturerôs literature for Gardon type gages indicates the accuracy is ~ Ñ3%.  Strictly speaking, this 

only applies for the calibration which is performed in a radiative only environment.  When used in real 

applications, with small but non-negligible convection, the overall uncertainty can rise significantly. 

These factors combine to raise the uncertainty of Gardon type gages in fire environments to ~ ±30% 

(Nakos 2005). Results from the FORUM round robin calibration (Pitts 2004) showed the uncertainties 

of S-B gages to be ~±8-14%.  It will be assumed that the Gardon gage and the Hukseflux gage have 

similar uncertainties and the larger value from the FORUM report is appropriate in this work. 

4.1 Gardon Gage Test Results 

4.1.1 Step Test Results 

As the Gardon gage results were nearly identical for each of the three step tests, only the detailed data 

from one step profile are presented. Figure 6 shows the gage heat flux as a function of the SCR power. It 

also shows the Gardon heat flux gage (HFG) temperature and cooling water return temperature. 

The methodology for collecting and comparing the heat flux results for all gages was to visually identify 

the time at the end of a step or pulse change, subtract one second, and average the previous four seconds 

of data. These collection times are indicated by the averaging interval shown in Figure 6 and in Table 1.  

 

Figure 6  Representative Gardon Gage Step Heat Flux and SCR Power 

Figure 7 shows the SCR current and power for the Gardon gage test; the red line at 64 s indicates the 

end of the 30% step. Figure 8 presents the SCR voltage for the Gardon gage test. SCR power (in kW) 

was calculated by the summation of the SCR current times the SCR voltage, divided by 1000. Note that 

the SCRs energized at slightly different times and were small differences between SCR parameters at 

steady-state (thought to be a function of the hardware and control software). 
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Figure 7  Representative Gardon Gage Step SCR Current and Power 

 

Figure 8  Representative Gardon Gage Step SCR Voltage 

Table 1 presents the average and standard deviation (essentially the time variance) of the heat flux and 

the average SCR power over each of the nine averaging intervals.  
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