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Abstract 
 
A thorough investigation has been performed to find out if an ellipsoidal radiometer 
(Gunners meter after its developer) can be used for separating radiation and convection 
when calibrating heat flux meters in open configurations and when calibrating flux levels 
in fire test methods. It is demonstrated in the present investigation that the Gunners meter 
can be used for this purpose. However, the Gunners meter used had an inconsistent 
behaviour and it was found that the design must be modified to improve the angle 
response. 
 
Calibrations of heat flux are frequently performed in many standardised fire test methods 
by using total heat flux meters. The commonly used type of heat flux meters register the 
combined effect of both radiation and convection and a considerable uncertainty is 
therefore introduced when the required heat flux in the method is specified as pure 
radiation. The error can in unfavourable cases amount to 25%. By making a combined 
use of ellipsoidal radiometers and total heat flux meters it would be possible to work out 
a scheme which could be used to separate radiation and convection, and consequently 
reduce the uncertainty.  
 
A different approach than using an ellipsoidal radiometer to separate radiation and 
convection is to perform a purely theoretical calculation of the convection contribution. 
This has been done for a case with a Schmidt-Boelter (SB) gage mounted in a surround-
ing board of refractory material (Monolux) and placed in front of a Cone Calorimeter 
Heater. The convective contribution has been calculated by using the CFD code SOFIE. 
The convection has also been measured by subtracting the radiation determined with a 
Gunners meter from the total heat flux measured with a SB gage. There is an acceptable 
agreement between calculated and measured results thus indicating the feasibility of 
using CFD as a fair complement to radiometers. 
 
The application of the results obtained are discussed and tentative guidelines for 
calibration and use of heat flux meters are outlined. However, it must be noted that 
further work is needed before a more stringent version of the guidelines can be 
formulated. 
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1 Introduction 
 
Total heat flux meters are used in many standardised fire test methods for calibration of 
the incident radiation level for the test. The calibration is very often performed in an open 
configuration i.e. where the heat flux gage is exposed to both radiation and convection. 
In some cases the calibration is carried out with the gage mounted in a surrounding board 
of some insulating material which enhance the influence of the convection. Such an 
arrangement will inevitably lead to a substantial uncertainty in the calibration due to the 
convective influence. Furthermore the total heat flux meters used may themselves have 
been calibrated either in a pure radiation environment or in an open configuration. This 
adds to the uncertainty when using the heat flux meters in practice as described above. 
 
There is a number of standardised fire test methods where total heat flux meters are used 
for calibration e.g. ISO 5660 (Cone Calorimeter), ISO 5657 (Ignitability), IMO Reso-
lution A.653 (Spread of Flame), ISO 9239 (Radiant Panel Test for Floor Coverings) to 
mention some of the more important methods where an incident radiation is specified.  
 
Several examples can be given illustrating the present inconveniences as regards the 
calibration and use of heat flux meters in fire testing. Intercomparative tests of calibration 
devices for total heat flux meters have earlier been conducted by SP and FRS [1]. The 
results show that there is a systematic discrepancy between the two calibration methods 
used at SP and FRS. The former method has later been adopted as a Nordtest method, NT 
FIRE 050 [2], while the latter method has been accepted by EGOLF [3] as an interim 
standard. The principle of the methods is shown in Figure 1. In unfavourable cases the 
difference between the two methods can amount to more than 7%. The reason for this 
discrepancy has not yet been disclosed. The present situation then is that there exists at 
least two different calibration methods in the fire community of which the two discussed 
here are known to produce systematically different results. This will of coarse introduce 
unacceptable uncertainties in the results obtained at different laboratories. 
 
 
 
 

Interim
EGOLF method

NT FIRE 050
 

 
 
 
Figure1. Schematic picture of the NT FIRE 050 and EGOLF calibration procedures. 

In NT FIRE a spherical furnace is used while the EGOLF method makes use 
of a transfer technique were the calibration normal and the meter can slide 
sideways. 

 
The consequences of operating with two different calibration methods which are not 
harmonised have been demonstrated in a comparison of ISO 5657 between the Nordic 
Fire Laboratories [4]. The results show a substantial variation in ignition times due to 
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different calibration constants of the heat flux meters. In this case the heat flux meters 
used were calibrated at SP (NT FIRE 050) and at FRS (EGOLF method) and the 
calibration constants showed a variation of approximately 5%. Time to ignition were 
measured and systematic discrepancies in the order of 10 - 15% were noted. 
 
In an internal investigation of ISO 9239, the Radiant Panel Test for Floor Coverings, at 
SP [5] it was found that the error due to convective influences could be as much as 25%. 
This means that 25% of the heat flux is due to convection although the standard 
prescribes a certain radiation level. 
 
Due to their widespread commercial availability and ease of application the most 
common total heat flux meters in fire safety testing are the Gardon gage and the Schmidt-
Boelter gage, both named after their developers. The Gardon gage uses a differential 
thermocouple design where the heat flux is measured as a function of the difference in 
the temperature between the centre of the measurement cell, a metal foil, and its 
peripheral bound with the water-cooled gage housing. The Schmidt-Boelter gage is of 
thermopile design with the signal resulting from the development of a temperature 
difference across a thin region of thermally stable material situated between the sensing 
surface and the water-cooled gage body. These two diverse measurement techniques 
present different problems in terms of sensitivity to measurement conditions but both 
suffer from widespread calibration in radiative environments coupled to use in mixed 
heat flux regimes. A more detailed description of these gages was given by Olsson in 
[1,6]. 
 
Another type of heat flux meter is the so called radiometer which only register the radia-
tion. An example of this type is the Gunners meter, which is also characterised as an 
ellipsoidal radiometer. This type of meter is briefly described by Gunners in [7]. For the 
sake of completeness one should also mention that sometimes use is made of shielded 
total heat flux meters of the Gardon or Schmidt-Boelter type [3] as radiometers. The 
shielding usually consists of a glass window to minimise convective effects. However, 
the presence of the glass window introduces new uncertainties in that the glass absorbs 
part of the radiation and that the window might get contaminated during use. 
 
The present study reports an attempt of overcoming the difficulty of using total heat flux 
meters in calibrating standardised fire test methods where the incident radiation is speci-
fied. The results can also be applied to partly resolve the problem of having two different 
calibration methods that produces diverging results. However, to get a conclusive solu-
tion of the present problem a true primary calibration method is needed where the con-
vection is completely avoided. 
 
Tentative guidelines for some of the standardised test methods are formulated based on 
the combined use of ellipsoidal radiometers and total heat flux meters of the Gardon and 
Schmidt-Boelter type. To avoid expensive testing it might be of advantage in some cases 
to use theoretically calculated corrections of the convective influence. 
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2 Calibration of an ellipsoidal radiometer 
 
In this investigation the ellipsoidal radiometer or Gunners meter plays a central role. The 
meter used has been calibrated in a spherical furnace according to NT FIRE 050, [2]. In 
addition the meter has also been calibrated by mounting the front plate of the meter flush 
with the wall in the furnace. The resulting calibration curves are displayed in Figure 2. 
The calibration arrangements are schematically shown in Figure 4 and 5, for more details 
see [6]. 
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Figure 2. Calibration of Gunners meter. In the case with the meter mounted flush with 

the furnace wall the incident heat flux is assumed to equal the difference in 
emissive power between the wall and the gage at cooling water temperature. 

 

Calibration curves are usually expressed in the form q U
S

=  where q  is the heat flux in 

kW/m2, U  is the signal in mV, and S  is the sensitivity in mV/ kW/m2. The calibration 
curves obtained from NT FIRE 050 are frequently slightly curved, which indicates that 
the method contains some small disturbing effect, possibly from convection. Thus, the 
linear regression curve based on the calibration will not pass through the origin of co-
ordinates but will contain a small constant (small compared to the inverse of the sensi-
tivity). For sake of simplicity this constant is omitted here. This approximation will have 
a negligible effect on the subsequent analysis. 
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The main reason for the discrepancy in sensitivity S  between the two cases shown in 
Figure 2 is due to imperfections in angle response of the radiometer used. The angle 
response has also been measured by mounting the radiometer on a turntable in front of 
the calibration furnace and exposing it to the radiation from a small opening in the 
furnace. The measured angle response is shown in Figure 3 in normalised form i.e. all 
values have been divided by the response obtained when having the incident radiation 
along the centreline of the meter. 
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Figure 3. Typical distribution of the angle response f ( )ϕ  of the Gunners meter 
versus angle of incidence ϕ . The cosine distribution corresponding to ideal 
response is included. 

 
2.1 Corrected sensitivity 
 
The calibrated sensitivity of the meter according to Figure 2 is 0.435 and thus 
 
 q Ucal = ⋅2 299.       (1) 
 
By making use of the measured distribution of the response according to Figure 3 it is 
possible to calculate corrections of the calibrated sensitivities. Let us first look at the 
arrangement according to NT FIRE 050 schematically shown in Figure 4. 
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Figure 4. Arrangement according to NT FIRE 050 with notations used in the 

calculation of corrections. 
 
Let dA1  denote a circular element of the opening in the furnace which can be considered 
as a black body radiator with the emissive power eb1  (=σTw

4 ). The heat flux leaving the 
opening in the furnace and reaching the aperture in the Gunners meter can then be 
expressed 
 

 dQ
e

dA db
12

1
1 12= ⋅ ⋅ ⋅

π
ϕ ωcos     (2) 

 
where dω12  is the solid angle by which the aperture is seen from the element in the 
opening of the furnace. The area element can be written  
 
 dA r tg d1

22= ⋅ ⋅π ϕ ϕ      (3) 
 
where r  is the radius from the aperture to the area element and ϕ  is the angle between 
the length axis and the radius. The expression for the solid angle takes the form 
 

 d
dA

r
ω

ϕ
12

2
2=

⋅ cos
     (4) 

 
Making use of (2), (3) and (4) and integrating gives the heat flux received by the meter 
 

 q e e db b= − ⋅ ⋅∫2 1 2
0

0
( ) sin cosϕ ϕ ϕ

ϕ

   (5) 

 
where eb2  denotes the emissive power of the aperture ( dA2 ) and ϕ0  is the limiting 
angle for half of the opening in the furnace as seen from the aperture (see Figure 4) i.e. 
 

 tg
D
L

ϕ0 2
=       (6) 
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Performing the integration in (5) gives after making use of (6) 
 

 q e e e e
D
L Db b b b= − ⋅ = − ⋅

+
( ) sin ( )1 2

2
0 1 2

2

2 24
ϕ  (7) 

 
For the calibration performed with the Gunners meter, D=60 mm and L = 30 mm which 
leads to q e eb b= ⋅ −0 496 1 2. ( ) . This means that roughly 50% of the emissive power is 
received by the aperture. 
 
 
 
To estimate the influence of the imperfect angle response eq. (5) is rewritten 
 

 q e e f db b= − ⋅ ⋅∫2 1 2
0

0
( ) ( ) sinϕ ϕ ϕ

ϕ

   (8) 

 
Integrating equation (8) numerically with f ( )ϕ  according to Figure 3 gives 
q e eb b= ⋅ −0 459 1 2. ( )  which means that the true heat flux is approximately 8% lower 
than the theoretical value according to (7). This means that the true sensitivity of the 
meter is S = 0 470.  and the true heat flux received by the meter, corresponding to a 
certain signal U  mV, can be expressed 
 
 q Utrue = ⋅2127.       (9) 
 
Thus, when the meter is receiving radiation and indicates a signal U  mV, the true heat 
flux to the meter is obtained from equation (9) and not from (7). 
 
A similar calculation for the case with the meter mounted flush with the furnace wall, 
Figure 5, yields q e eb b≈ ⋅ −0 71 1 2. ( )  after accounting for the angle dependence correc-
tion. This means that one should expect a true heat flux of 71 kW/m2 corresponding to a 
difference in emissive power of 100 kW/m2, and a signal 33.4 mV. This is somewhat 
different from the calibration results shown in Figure 2 where the results indicate a dif-
ference in emissive power of 93.3 kW/m2, which is approximately 7% lower. The reason 
for this discrepancy is probably due to a non-uniform temperature distribution of the 
furnace wall close to the water cooled insert containing the meter. 
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Figure 5. Arrangement with meter mounted flush with the furnace wall. 
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3 Experiments with heat flux meters 
 
To investigate the feasibility of using the Gunners meter as a means of establishing 
corrections for convection effects a number of experiments have been performed. The 
measured heat fluxes obtained with the Gunners meter have been corrected for the 
imperfect angular response in the actual geometrical arrangement used. A more detailed 
description of the experiments is given in APPENDIX A. 
 
3.1 Corrected sensitivity for the Cone Calorimeter 

arrangement 
 
The test arrangement with the Cone Calorimeter is schematically shown in Figure 6 
together with notations used in the calculations. Correction factors for the sensitivity has 
been determined for the case where the meter is located 25 mm from the rim of the cone 
(H1). 
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Figure 6. Cone Calorimeter arrangement with notations. 
 
For a Gunners meter mounted according to Figure 6, equation (8) is applicable provided 
the pertinent limiting angles are inserted as integration limits and account is taken to the 
fact that the cone heating coils are no black body emitters. The modified equation takes 
the form 
 

 q T T f dw w c= ⋅ − ⋅ ⋅∫2 4 4

1

2
σ ε ϕ ϕ ϕ

ϕ

ϕ

( ) ( ) sin   (10) 

 
where εw  denotes the emissivity and Tw  the temperature of the heating coils, Tc  the 
cooling water temperature and ϕ1 , ϕ2  the limiting angles. 
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With the notation from Figure 6 the limiting angles can be written 
 

 ϕ1
1

1 22
=

+






arctg

D
H H( )

    (11a) 

 

 ϕ2
2

12
=







arctg

D
H

     (11b) 

 
Solving equation (10) numerically with f ( )ϕ  from Figure 3 yields q T Tw w c= ⋅ −0 53 4 4. ( )ε  
compared to q T Tw w c= ⋅ −0 78 4 4. ( )ε  if the Gunners meter had an ideal angle response. 
 
The theoretical value of the incident radiation is in agreement with a more detailed 
analysis by Janssens [8]. He arrives at a view factor of 0.779 and an effective emissivity 
of 0.94 by a complete radiation exchange analysis. 
 
The true heat flux received by the Gunners meter can then be expressed 
 
 q T T T Th w w c h w c= ⋅ ⋅ − = ⋅ ⋅ −0 53 0 534 4 4 4. ( ) . ( )σ ε ε σ  
 
where suffix h  indicates that the radiation emanates from the cone heater. Assuming an 
effective emissivity of the heating coils, εh = 0 94.  in accordance with Janssens [8], 
yields 
 
 q eh eff≈ ⋅050. ∆       (12) 
 
where an effective emissive power ∆e e eeff w c= −  has been introduced. 
 
Combining this with the expression for the true response during calibration according to 
eq.s (8) and (9) gives 
 

 q U Uh = ⋅ ⋅ = ⋅
050

0 459
2127 2 317

.
.

. .  

 
and finally after making use of the calibrated sensitivity eq. (1) 
 

 q U qhcorr hm= ⋅ ≈ ⋅
2 317
2127

109
.
.

.     (13) 

 
where qhcorr  is the corrected measured value and qhm  is the measured value based on a 
meter calibrated according to NT FIRE 050. 
 
The true radiation received by the Gunners meter is thus obtained by multiplying the 
measured values by a factor 1.09. 
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3.2 Conventional Cone Calorimeter arrangement 
 
In this case the test configuration is as shown in Figure 6 with heat flux meters mounted 
without any surrounding board. The incident heat flux from the cone has been measured 
with both a Gunners meter and a Schmidt-Boelter (SB) gage calibrated according to the 
interim EGOLF standard [3]. The coil temperature was kept constant for each flux level. 
The results are displayed in Table 1 below. 
 
Table 1. Comparison between different heat flux meters without surrounding board 
 
Heat flux [kW/m2] Difference between 
Gunners meter 
as measured 

Gunners meter 
corrected 

SB gage 
(EGOLF)1) 

Gunners meter corrected  
and SB gage 
% 

10.0 10.9 9.6 11.9 
20.0 21.8 - - 
30.0 32.7 31.2 5.0 
40.0 43.6 - - 
50.0 54.5 52.9 3.2 
1) Calibrated according to the EGOLF-procedure 
 
 
From the table it is seen that the SB gage is systematically underestimating the heat flux. 
This is partly due to the convective cooling of the gage in this configuration and partly 
due to the uncertainty in the calibration. The cone is heating the air close to the heating 
coils which induces a convective current of cold air passing the gage. This observation 
that a heat flux meter, calibrated according to the procedure adopted by EGOLF, 
systematically underestimates the heat flux is not new. It has been reported in a previous 
intercomparative study by Olsson [1]. 
 
 
3.3 Vertical Cone Calorimeter with a surrounding 

board 
 
To investigate the possibility of making purely theoretical calculations of the convective 
influence a number of experiments were carried out with the cone tilted 90° and with the 
meters mounted in a surround of an insulating material (Monolux). The testing 
arrangement is shown in Figure 7. Exposing the insulating surround to radiation heats it 
up and a strong convective current is induced. The air passing the surrounding board is 
heated up and contributes to the heat flux conveyed to the gage. To be able to make 
theoretical calculations of the convective contribution either the air temperature and the 
air speed close to the gage is needed or the surface temperature of the surrounding board. 
In the latter case the complete flow field encompassing the gage and the surrounding 
board is solved based on the measured surface temperatures. An attempt to measure air 
temperatures close to the gage was very soon abandoned and instead the surface 
temperature of the surrounding board was registered. 
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Figure 7. Tilted cone with heat flux meter and surround of a Monolux board. The 

figure includes both the F- and the B-positions of the board. 
 
In the following tables the results are summarised.  
 
Table 2.  Comparison between different heat flux meters with surrounding board in 

B-position 
 
Heat flux [kW/m2]   
Gunners meter Gunners meter SB gage 
as measured corrected (NT FIRE 050)1) 
9.9 10.8 10.4 
20.0 21.8 21.8 
30.0 32.7 33.1 
40.1 43.7 44.5 
49.9 54.4 55.5 
1) Calibrated according to NT FIRE 050 
 
Table 3.  Comparison between different heat flux meters with surrounding board in F-

position 
 
Heat flux [kW/m2]   
Gunners meter Gunners meter SB gage 
as measured corrected (NT FIRE 050)1) 
10.3 11.2 12.7 
20.6 22.4 26.0 
31.1 33.9 38.9 
1) Calibrated according to NT FIRE 050 
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From the tables it is noted that the convective contribution is substantial in the case when 
the surrounding board is in the F-position i.e. when the gage is mounted flush with the 
surface of the surrounding board. This case will be discussed further in the next chapter. 
When the surrounding board is in the B-position the influence of the surround is almost 
negligible. At the low end of the range of heat fluxes studied the convection cools the 
gage while it heats the gage at higher heat fluxes. 
 
For the case with the gage in F-position the measured surface temperatures of the 
surrounding Monolux plate are shown in Figure 8. 
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Figure 8.  Surface temperatures on the Monolux plate when mounted in  

F-position. 
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4 Theoretical calculation of convection 
influence 

 
As a preliminary study of the possibility of using CFD (Computational Fluid Dynamics) 
in determining the convective influence on heat flux meters a number of calculations 
have been performed for a SB gage and the results have been compared to the experi-
ments reported by Robertson and Ohlemiller [9]. The comparison [10] clearly demon-
strates the feasibility of using CFD provided sufficiently accurate input can be defined. 
Input required for such calculations are temperature and speed of the surrounding air 
close to the gage or alternatively the temperature of the structure close to the gage. This 
temperature distribution of the nearby solid surfaces can be used to calculate the induced 
convective flow field around the gage and the heat transfer to or from the gage. 
 
Conventional correlations for free convection heat transfer coefficients cannot be used 
due to the complex flow situation which develops when the heated boundary layer from 
nearby structures approaches the cooler (or hotter) gage. In this case the temperature 
profile close to the gage deforms and it is no longer possible to define a unique tem-
perature difference between the free stream and the gage surface. This is the reason why 
more elaborate methods such as CFD will be needed. 
 
To demonstrate the applicability of CFD in a more realistic case an attempt has been 
made to theoretically calculate the convective contribution for a SB gage mounted in 
front of a cone heater and surrounded by an insulating plate of Monolux. The testing 
arrangement is displayed in Figure 7 (board in F-position) and the surface temperatures 
used in the calculations are shown in Figure 8. The test results are given in Table 3 and 
the convective contribution consists of the difference between the readings of the SB 
gage and the measured values by the Gunners meter (corrected for imperfect angle 
response).  
 
In the calculations the CFD code SOFIE has been used. A brief description of the code 
can be found in [11,12] and will not be further elucidated here. Calculations have been 
performed for the incident heat fluxes shown in Table 3.  
 
In the calculations the flow field around the meter, the Monolux plate and the cone heater 
has been divided into approximately 200 000 cells with the size ranging from 0.5 mm 
close to solid objects up to more than 10 mm on the free boundaries. Turbulent flow has 
been assumed. To simplify the calculations the cone heater has been approximated as a 
rectangular block. Furthermore the varying surface temperature on the Monolux plate has 
been introduced as a piecewise constant function. However, the uncertainty in the results 
is estimated to be less than 20%. 
 
In Figure 9, a comparison between the measured and calculated convective heat flux is 
displayed. The broken line in the figure shows results from a calculation with only the 
heated Monolux plate as the driving source of the convective current (cone heater 
excluded). This constitutes an approximate lower bound of the convective heat flux. The 
solid line represents a simulation where the influence of the hot cone is included. It is 
believed that this result constitutes a fairly good approximation of the true convective 
heat flux. 
 
In the comparison shown in Figure 9 it is to be noted that both the experimental and the 
calculated results contain uncertainties. The uncertainties in the experimental results are 
difficult to quantify with the present design of the Gunners meter, but an uncertainty of 
±10% in the estimated convective flux is not unrealistic. This uncertainty can be brought 
down considerably when an improved version of the Gunners meter is available. An 
estimated uncertainty of ±20% in the calculated results is probably very conservative. 
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The uncertainties in the calculations can be decreased by using a more accurate descrip-
tion of the geometry of the cone heater and of the temperature distribution of the Mono-
lux board. However, in view of the existing uncertainties there is an acceptable agree-
ment between measured and calculated results. 
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Figure 9. Calculated and measured convective heat flux versus the total heat flux 

measured by the SB gage. The measured convective heat flux is obtained as 
the difference between the recordings of the SB gage and the Gunners meter 
(corrected) according to Table 3. The broken line indicates an approximate 
lower bound for the convective flux where the cone heater is excluded. The 
solid line shows results from a simulation which includes the effects of the 
hot cone structure. The figure to the right shows the convective flux in % of 
the total flux. 
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5 Discussion of results 
 
The convective influence on a heat flux meter can be quite different depending on the 
arrangement of the meter and the heating source. A meter mounted in free air allowing 
cool air to pass the sensing element will register a too low heat flux. On the other 
extreme a meter mounted in a surrounding board which is heated by the incident 
radiation will register a too high heat flux due to the convective contribution. For 
arrangements with the cone calorimeter one can envisage situations when both cooling 
and heating can occur depending on the temperature of the structure surrounding the 
meter. 
 
In section 3.2 some experiments with the cone and heat flux meters without surrounding 
board were reported. It was found that the SB gage calibrated according to the EGOLF 
procedure was systematically underestimating the heat flux. Part of this discrepancy is 
due to uncertainties in the calibration. The influence of the calibration can be estimated 
by making use of results from a previous study by Olsson [1] were it was found that the 
difference between a meter calibrated according to NT FIRE 050 gave approximately 5% 
higher heat fluxes than a meter calibrated according to EGOLF. In the table below 
corrected values of the measurements from section 3.2 are shown. The resulting 
difference after this correction should represent the convective influence in this 
configuration. 
 
 
Table 4. Comparison between different heat flux meters without surrounding board 
 
Heat flux [kW/m2]    
Gunners meter as 
measured 

Gunners meter 
corrected 

SB gage 
(EGOLF)1) 

SB gage 
corrected2) 

Convective 
influence 

10.0 10.9 9.6 10.1 -0.8 
20.0 21.8 - -  
30.0 32.7 31.2 32.8 +0.1 
40.0 43.6 - -  
50.0 54.5 52.9 55.5 +1.0 
1) Calibrated according to the EGOLF-procedure 
2) Calibrated value multiplied by 1.05 
 
It is noted that the convective heat flux according to Table 4 approximately agrees with 
the convective fluxes obtained from Table 2 for the case with the surrounding board in 
position B. This indicates that it would be possible to deduce correction factors such that 
heat flux meters calibrated either according to NT FIRE 050 or EGOLF would give more 
consistent results. 
 
The analysis shows that for the configuration investigated here the convection cools the 
gage at low heat fluxes but heats the gage at higher radiation levels. This is quite 
plausible as the steel frame supporting the gage is heated up by the radiation from the 
cone and the temperature of the structure increases as the radiation increases. More 
details about the experimental set up can be found in APPENDIX A. 
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6 Tentative guidelines 
 
In the this chapter tentative guidelines are outlined which can be brought into use as soon 
as the improved design of the ellipsoidal meter is available. The guidelines are also based 
on the assumption that a primary calibration can be performed according to the LNE 
method (vacuum furnace). 
 
6.1 Calibration and use of heat flux meters in fire 

test methods 
 
Figure 10 illustrates the calibration levels that are envisaged in these guidelines. An 
ellipsoidal radiometer is used as the primary calibration meter for each fire laboratory. 
This primary standard meter is calibrated at LNE, level 1 in Figure 10. 
 
The NT FIRE 050 procedure or the preliminary EGOLF method will serve as the level 2 
calibration, see Figure 10. Secondary calibration meters (ellipsoidal radiometers) and 
heat flux meters for daily purposes can be calibrated at this level. The primary calibration 
meters will assure traceability to the LNE-standard. 
 
Before the heat flux meters can be applied in the daily work they must also be calibrated 
in each of the fire test methods where they are intended to be used. This is to assure that 
the cooling or heating of any total heat flux meter by convection is properly considered 
as is illustrated by level 3 in figure 10. Again, this calibration must be done by compari-
son with an ellipsoidal radiometer. Alternatively, the convective influence in some cases 
can be obtained by CFD calculations (see chapter 4). 
 
6.1.1 Comments 
 
It is important to remember that the convective influence is unique for each equipment 
and each environment where it is placed. Therefore it is impossible to give general 
correction factors that can be used in every situation. Further, the correction factor must 
be controlled if alterations that causes the convective influence to change are done to the 
equipment. 
 
6.1.2 Frequency of calibrations 
 
The calibrations should be performed on the following intervals: 
 
The primary calibration meter Once every 4 or 5 years 
 
Heat flux meters for daily purposes According to internal quality assurance 
 requirements or once a year 
 
Correction factors for convective influence Only once per fire test method as long as 
 no alterations are done 
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Figure 10.  The principle of the calibration scheme. 
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6.2 A description of the heat flux situation in fire test 
methods 

 
In the following a number of standardised test methods are described and some practical 
recommendations are given how to perform the calibration of the heat flux gages to be 
used for each method. As explained above the general idea is that by making combined 
use of a Gunners meter and a total heat flux meter it is possible to establish a transfer 
function which can be used to correct the readings from the total heat flux meter and 
obtain the correct radiation. The total heat flux meter can then be used as a working 
standard exactly in the same way as is done today. 
 
 
ISO 5660  Cone Calorimeter 
 
In ISO 5660 the heat flux meter is prescribed to be either of Gardon or Schmidt-Boelter 
type. The meter is shaped like a smoker’s pipe and has a diameter of 12.5 mm. It is 
mounted in an open configuration where air can flow freely around it. The base plane of 
the heater and the exposed surface of the meter are horizontal. The exposed surface of the 
meter is at the same distance from the heater as the test specimen (25 mm), but the 
mounting does not exactly reflect the test situation since the test specimen is mounted in 
a square holder with the outside dimensions of 105 mm x 105 mm. The heating system is 
stabilised for 10 minutes before the heat flux is measured. The heat fluxes are in the 
range of 0 - 100 kW/m2. The most commonly used fluxes are 35 and 50 kW/m2. 
 
The convective influence during calibration will be different from the influence during 
testing. 
 
Suggested procedure for calibration of working gage 
 
The SB gage normally used according to the standard is calibrated against the Gunners 
meter in the Cone Calorimeter apparatus. Both meters should be mounted in an open 
configuration under the cone. The SB gage should also be mounted in a dummy speci-
men with the same dimensions as the specimen holder to give information about the 
convective influence on the test specimen. 
 
 
ISO 5657  Ignitability Test 
 
In ISO 5657 the heat flux meter shall be of the Gardon type with a diameter of 25 mm. It 
is mounted in a ceramic fibre board of the same size as the test specimen and with a 
density of about 200 kg/m3. The base plane of the heater and the exposed surface of the 
meter are horizontal. The exposed surface of the meter is at the same distance from the 
heater as the test specimen (26 mm). The heating system is stabilised for 5 minutes 
before the heat flux is measured. The heat fluxes are in the range of 0 - 50 kW/m2. The 
most commonly used fluxes are 30 and 40 kW/m2. 
 
The convective influence during calibration will be of the same magnitude as during 
testing due to the use of the backing material during calibration. The convective com-
ponent of the heat flux will heat the gage. 
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Suggested procedure for calibration of working gage 
 
The Gardon gage normally used according to the standard is calibrated against the 
Gunners meter in the Ignitability apparatus. The normal ceramic fibre board used for 
calibration of the heat flux can be used. 
 
 
IMO Res.A.653  Surface Spread of Flame Test 
 
In this IMO method the heat flux meter shall be of the Schmidt-Boelter type with a 
diameter of 25 mm. It is mounted in a non-combustible refractory board of the same 
surface size as the test specimen (a dummy specimen) and with a density of 800 kg/m3. 
The dummy specimen is constructed to allow the exposed surface of the flux meter to 
extend 10 mm from the surface of the board at the cold end of the specimen (see Figure 
14 in IMO Res.A653(16)). At the hot end of the specimen the meter is mounted flush 
with the board.  
 
The heater and the exposed surface of the meter are vertical and the two surfaces are 
mounted at an angle of 15° to each other (see Figure 6 in IMO Res.A653(16)). The 
exposed surface of the meter is at the same distance from the gas fuelled heater as the test 
specimen (≈150 mm at the hot end and ≈250 mm at a distance 350 mm from the hot end). 
The heating system is stabilised for 15 minutes before the heat flux is measured. The heat 
fluxes ranges from 50.5 kW/m2 at the hot end to 1.5 kW/m2 at the cold end of the speci-
men. 
 
The convective component during calibration will be of the same magnitude as during 
testing. The convective component of the heat flux will heat the gage. 
 
Suggested procedure for calibration of working gage 
 
The calibration procedure, i.e. comparing the SB gage with the Gunners meter will be the 
same as for the above mentioned methods. Both meters must be mounted one by one in 
each of the holes in the normal dummy specimen used for calibration.  
 
Two major things must be taken care of: By letting the Gunners meter have the same 
diameter as the SB gage the necessity of having two different dummy specimens is 
avoided. Further, it is important to have a firm procedure to control and keep the heat 
output from the radiating panel constant when the meters are switched in each of the 
holes in the dummy.  
 
 
ISO 9239  Radiant Panel Test for Floor Coverings 
 
In ISO 9239 the heat flux meter shall be of the Schmidt-Boelter type with a diameter of 
25 mm. It is mounted in a non-combustible refractory board of the same surface size as 
the test specimen (a dummy specimen) and with a density of 800 kg/m3. The flux meter 
extends 2 - 3 mm from the surface of the dummy specimen. In this method the measure-
ments take place in a closed chamber with an opening area of 0.25 m2 at the bottom. 
 
The exposed surface of the meter is horizontal and the heater is mounted with its longer 
side at an angle of 30° to the horizontal plane (Figure 5 in ISO 9239). The exposed 
surface of the meter is at the same distance from the gas fuelled heater as the test speci-
men, except for the 2 - 3 mm it extends above the dummy specimen (≈200 mm at the hot 
end and ≈350 mm at a distance 300 mm from the hot end). The heating system is stabi-
lised for at least 30 minutes before the heat flux is measured. The heat fluxes ranges from 
11 kW/m2 at the hot end to 1.1 kW/m2 at the cold end of the specimen. 
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The convective component during calibration will be of the same magnitude (in this case 
approximately 25% of the irradiance at the hot end [5]) as during testing. The convective 
component of the heat flux will heat the gage. 
 
Suggested procedure for calibration of working gage 
 
Same as for IMO Res.A653. 
 
6.3 Use of heat flux meters in non-standardised fire 

testing 
 
When applying heat flux meters in non-standardised testing it is difficult to work out 
general guidelines how to separate radiation and convection. If such a separation is of 
importance it is possible to use either a combination of an ellipsoidal radiometer and a 
total heat flux meter or by using a total heat flux meter and make a theoretical calculation 
of the convection effects. Usually it is sufficient to establish the total heat flux to an 
object which means that a total heat flux meter can be used directly with due corrections 
based on the calibration results. 
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7 Concluding remarks 
 
In many fire test methods the radiation/heat flux level is given as a base for the testing 
situation. Although attempts are made to write the prescriptions regarding the radiation/ 
total heat flux as clear as possible in the standards, the problem to really distinguish 
between radiation and total heat flux has never been solved. Previous investigations have 
shown that the convective part can amount to 25% of the total heat flux [5]. 
 
To remedy this awkward situation tentative guidelines for the calibration and use of heat 
flux meters have been formulated. The guidelines are based on certain assumptions 
regarding the future improved performance of ellipsoidal radiometers and the future 
availability of a primary standard method. This means that the road for reaching a more 
satisfactory state has been laid out. However, additional work is needed before the 
guidelines can be finally established. The most important of the remaining items are 
summarised below. 
 
• Acceptance must be reached of using the Gunners type radiometer (ellipsoidal 

radiometer) as the primary standard.  
  
• The design of the Gunners meter need to be modified to improve the angle response. 
  
• The primary standard heat flux meter (the ellipsoidal radiometer) for each fire 

laboratory should be calibrated at LNE to assure traceability to SI-units.  
  
• A secondary calibration of the NT FIRE 050 and/or EGOLF procedure should be 

performed to establish the corrections necessary to trace the secondary calibration 
results back to the primary calibration method. 

  
• The reasons for obtaining systematically deviating results by the two secondary 

calibration methods (NT FIRE 050 and EGOLF) needs to be clarified. 
  
• The consequences of the suggested calibration scheme must also be made clear before 

the final guidelines are formulated. The consequences for the fire test community 
must be that the prescribed radiation/heat flux levels in all fire test methods need to be 
reconsidered. The options are as follows: 

  
− Shall the levels be kept as radiation levels? If so, it will imply in the worst case 

that the real heat flux level a test specimen is exposed to can be increased by as 
much as 25%. 

  
− Or shall the total heat flux level be kept? If so, the standard must be revised to 

clearly identify the level of radiation and level of convection separately. 
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Appendix A 
 
A.1 Experimental set up for test series with heat flux 

meters 
 
A series of experiments involving measurements with the Gunners meter and Schmidt-
Boelter gages are described in this Appendix. All measurements were done in the Cone 
Calorimeter (ISO 5660) where the flux level easily and accurately can be repeated. The 
measurements of the air and the surface temperatures for the theoretical calculations of 
the convective contribution are also described. 
 
A.2 Calibrating the flux level with the Gunners meter 
 
All flux levels used, 10 - 50 kW/m2 in steps of 10 kW/m2, were calibrated with the 
Gunners meter. The calibrations were performed with the conical heater in horizontal as 
well as vertical mode. For the horizontal mode the Gunners meter was mounted in a three 
legged holder, see Figure A1. The load cell was dismounted to make place for the holder 
and the meter. There were no boards or other arrangements under the cone or near the 
Gunners meter during the calibration. 
 
 

Cone shaped heater
of ISO 5660

Gunners meter -
water cooled

Holder -
not cooled

 
 
 
Figure A1 Test set up with Gunners meter under conical heater. 
 
For both the horizontal and the vertical mode the front surface of the Gunners meter was 
located 25 mm from the rim of the cone, which is the prescribed position for the heat flux 
meter according to ISO 5660. Calibrations for the vertical mode were performed with the 
board in the F-position (flush with the surface) as well as and in the B-position 
(withdrawn 100). The F- and B-positions are closer described in A.4. 
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A.3 Air temperature near a flux meter exposed to 

radiation 
 
Several attempts were made to measure the air temperature near the flux meter when the 
meter was exposed to radiation. The results were however disappointing. Although 
different thermocouple diameters, different types of shields and different procedures 
were used it was extremely difficult to calculate a reliable gas temperature from the 
measured temperature.  
 
A.4 Surface temperatures near a flux meter exposed 

to radiation 
 
The cone shaped heater in the Cone Calorimeter was mounted as for testing a vertical 
specimen. The heat flux gage was mounted along the centre axis of the cone so that the 
measuring point of the flux gage was 25 mm from the rim of the cone heater. The flux 
gage was mounted in a surround of an insulating, non-combustible board (Monolux, 
density 640 kg/m3). Two positions were used: the gage mounted flush with the surface of 
the surrounding board (F-position) and the surrounding board drawn back 100 mm from 
the surface of the gage (B-position). 
 
For recording the temperature on the surrounding board thermocouples were taped on the 
surface of Monolux board along a vertical line passing through the centre axis of the 
cone and flux gage. The thermocouples were placed 22.5 mm, 50 mm and 100 mm above 
and below the centre axis, se Figure A2. The SB gage which was used was also supplied 
with a front thermocouple with the hot junction located on the anchor of the thermopile 
for measuring the temperature of the sensor during the experiments. 
 
The recorded temperatures are listed in table A1 for the B-position and in table A2 for 
the F-position. 
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Figure A2 Cross section of the conical heater and the boards surrounding the heat flux 

gage. Distances between heater and boards as well as positions for 
thermocouples are given. 
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Table A1 Surface temperatures near a flux gage during exposure to radiation. Flux 
gage mounted 100 mm in front of a vertical board (B-position). 

 
Distance from centre 
axis of cone 

Temperature, °C, at 
Heat flux level, kW/m2 

  

mm 10 20 30 40 50 
+100 114 179 223 260 291 
+50 128 200 250 293 331 
+22.5 108 173 219 259 293 
01) 27 30 33 35 38 
-22.5 118 189 238 280 317 
-50 111 179 226 266 302 
-100 82 131 166 198 225 
1) The temperature of the sensor of the SB gage 
 
Table A2 Surface temperatures near a flux gage during exposure to radiation. Flux 

gage mounted flush with a vertical board (F-position). 
 
Distance from centre 
axis of cone 

Temperature, °C, at 
Heat flux level, kW/m2 

  

mm 10 20 30 402) 502) 
+100 188 280 341 - - 
+50 280 412 477 - - 
+22.5 240 364 433 - - 
01) 28 32 35 - - 
-22.5 263 394 462 - - 
-50 241 372 436 - - 
-100 81 129 179 - - 
1) The temperature of the sensor of the SB gage 
2) The series had to be interrupted at 30 kW/m2 since the tape which kept the 

thermocouples on the surface of the board did not withstand temperatures higher than 
approximately 450°C. 
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