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Foreword

committee has been established has the right to be represented on that committee. International 

The main task of technical committees is to prepare International Standards. Draft International 

casting a vote.

Fire safety Fire 
.

ISO 14934-2

ISO 14934 Fire tests — Calibration and use of 
:

— Part 1: General principles

—

—

—
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to both radiant heat transfer and to convective heat transfer. A comparison of measurements between 

effect for each measurement can be asumed to be of a similar magnitude.

This information is given for the convenience of users of this part of ISO 14934 and does not constitute an 
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Part 2:

This part of ISO 14934 describes three methods for calibration of total hemispherical radiometers 

Fire safety — Vocabulary

measurement (GUM:1995)

International vocabulary of metrology — Basic and general concepts and associated 
terms (VIM)

.

2 and 70 kW/m2. It is designed to 

INTERNATIONAL STANDARD ISO 14934-2:2013(E)
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The operating procedure is given in Annex A. The relation between the furnace and the irradiance to the 
. Examples of computer screens are given in Annex C.

2 and 70 kW/m2

heat source designed as a spherical furnace with an aperture at the bottom is used. The temperature 

high precision of the radiant heat level.

making it traceable to international thermal calibration standards.

given in Annex D
meter is described in Annex E. The limits of errors assume that the apparatus is constructed according 

Annex F .

to 50 kW/m2. The sensors are calibrated with reference to a room-temperature electrical substitution 

calibrations.

for electrical substitution radiometer is given in . The calibration procedure is given in Annex I.
The data reduction procedure is given in Annex J.
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are routed parallel to the axis of the meter so as to keep the lines within the housing diameter of 50 mm.

10 mm in diameter.

schematic drawing in Figure 1):

— an insulated and cooled chamber (2).
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1

2 ceramic tube

3 electric heater

4

5 diaphragm

6 three electric heaters

7 multi-points radial thermocouple

8 vacuum pump

9 mobile carriage

10

11 multi-points longitudinal thermocouple

a See Figure 3.

b See Figure 2.

420 mm (see Figures 2 and 3
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1 diaphragm

2

3

Dimensions in millimetres
421 ±0,5

16
2 

± 
0,
5
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pressure to less than 1 Pa. The measurement of the pressure is performed using a Pirani gauge.

Returning to atmospheric pressure is carried out under nitrogen.

The data reduction and calculation of the irradiance produced on the sensor is carried out using a special 
computer routine.

The calibration procedure is given in detail in Annex A. The data reduction procedure is described in .

Table 1.
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resolution of the instruments.

of radiometer readings are applied. The result obtained is a compromise between the effect of time of 

m2) m2) m2) m2) m2) m2)

-
perature

-
elling

-

Pressure output 
reading

Radiometer read-
ing

Combined 
expanded relative (k = 2)

k
between 10 and 75 kW/m2.

opening at the bottom of the furnace. The furnace is shown in Figure 4.

bottom of the furnace to reduce the effect of convective currents.

© ISO 2013 – All rights reserved 7Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 22:25:24 MSTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
,
,
,
`
,
,
,
`
,
`
`
,
,
`
,
,
`
`
`
,
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ISO 14934-2:2013(E)

The spherical furnace consists of an inner shell of Inconel1)

an even temperature distribution. The inner diameter of the furnace chamber should be larger than 

1

2

3 interior stainless steel housing

4 thermocouple attached to sphere interior surface

5 hard ceramic insulator

6 water cooled sight tube

7

8 ceramic insulator stand-offs

9

10 interior support structure

11 bottom face plate

1)

8 © ISO 2013 – All rights reservedCopyright International Organization for Standardization 
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X1

in Figures 5 and 6

Figure 5

Dimensions in millimetres

1 restricting aperture

2

3 aperture disc

4

5 inner part of sight tube with water channels

6

7 sensing surface

8

d1 X1

distance Xg

be visible are not included.
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Dimensions in millimetres

1

2 sensing surface

3

NOTE 1 The distance X2

be visible are not included.

that (with spacer ring) provides for radiation ranges of 6 kW/m2 to 75 kW/m2 and 2 kW/m2 to 25 kW/m2

sensing surface.

Figure 5

meter sensing surface.
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Figure 6

it into welded tubing into the interior of the inner shell of the Inconel sphere.

meter and its holder.

The thermocouples shall be of tolerance class 1 in accordance with IEC 60584-2.

Xg) shall be measured with a calibrated dimension gauge having a resolution 

be used wherever possible in both calibration and actual measurement.

The procedure for a normal calibration is given in Annex D. The data reduction procedure is described 
in Annex E.

sources of uncertainties. The contribution of each component arising from the method and the devices 
Table 2 and Table 3.

are manufactured in accordance with the supplied drawings (Annex F
5 11
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The uncertainties due to the approximations in the enclosure model (see right part of Figure E.2 in 
Annex E

1 2

g 1

Table 2 and Table 3.

assumed to have a uniform temperature each. The temperature of each part is the mean value of several 
temperatures in different locations in the cooler and it is assumed that this mean value is representative 

in Table 2 and Table 3

12 © ISO 2013 – All rights reservedCopyright International Organization for Standardization 
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both the furnace temperature and whether a spacer ring is used or not. Due to the low contribution to 

Table 2 and Table 3are based 

Relative At 370 °C At 1 000 °C
Relative 

Standard 
Contribution 

relative 

Relative 
Standard 

Contribution 

-

Approximations in the 
enclosure model and 

Convection

Aperture diameter 1

Furnace diameter

x1

g

Temperature of cooler

Temperature of cooling 
water

Area of sensor A a a

Temperature of furnace A

A

Combined expanded k = 2

a

© ISO 2013 – All rights reserved 13Copyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 22:25:24 MSTNo reproduction or networking permitted without license from IHS

--``,`,,,,,,`,,,`,``,,`,,```,`,`-`-`,,`,,`,`,,`---



ISO 14934-2:2013(E)

Relative At 370 °C At 1 000 °C
Relative 

Standard 
Contribution 

relative 

Relative 
Standard 

Contribution 

-

Approximations in the 
enclosure model and 

Convection

Aperture diameter

Furnace diameter

x1

g

Temperature of cooler

Temperature of cooling 
water

Area of sensor A a a

Temperature of furnace A

A

Combined expanded k = 2

a

Figure 7

resistance heating using large ac currents at low voltages provides for quick heating and cooling. The 

provides a sharp temperature gradient between the end cap and the graphite heater element. This helps 

lengths of graphite extension tubes can be attached to the end caps.
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and sublimation at high temperatures.

1

2 water-cooled copper end caps

3 graphite tube extension (not cooled)

4

5 temperature controller/computer

6

7 purge gas lines (argon)

8 transfer standard radiometer

9

The reference standard radiometer is a room-temperature electrical substitution radiometer (ESR) 
(Figure 8). The radiometer is water-cooled and is suitable for continuous operation. The incident heat 

2 to 42 kW/m2

2. The radiometer has a time constant (1/e) of 6 s

© ISO 2013 – All rights reserved 15Copyright International Organization for Standardization 
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1 cooling water

2 aperture

3

locating the sensor/radiometer with standard gauge blocks. For calibrations up to 50 kW/m2

2 and 
10 kW/m2

test sensor is mounted on a holder. Standard mounting blocks and holders are available for mounting 

pump is used for cooling.

The sensor and the radiometer outputs are connected to different channels of a multiplexed digital 

 and I.
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Annex I gives the procedure 

the range of calibration. Table 3

Table 3 help in determining the best location for the sensor with reference to 

X a X a X = 140 mma

kW/m2 kW/m2 kW/m2

1573 9 1823 5 1573 1

1773 13 1963 7 1973 3

1973 19 2108 10 2273 5

2123 24 2233 12 2473 7

2273 31 2373 15 2573 8

2373 36 2573 20 2673 10

2453 41 2773 27

2553 47

2653 55

a

The data reduction procedure is described in Annex J
2

The gauge surface temperature rises during calibration due to radiant heating. Since the calibration is 
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convection losses increase with decreasing surface area exposed to free convection. The calculations 

2

standard and the test sensor.

of the measured radiometer reading.

The sensor and the radiometer readings are averaged over a period of 10 s to 60 s depending on the 

much less compared to the sensor output which has a time constant of 50 ms to 300 ms. The standard 
deviation of the mean (standard error) of the sensor output measured at two locations from the black-
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than 10 kW/m2.

The individual uncertainties discussed above have been listed in Table 4
(uc

U) expressed for a coverage factor of k

2 2

%
Reference radiometer

Sensor/radiometer alignment (distance)

Sensor/radiometer alignment (angular)

Radiometer aperture averaging effect

Radiometer output reading A

Sensor output reading A

Repeat tests on a similar gauge A

k = 2

2 to the maximum allowable of 
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calibration. When a linear regression has been performed then the standard deviation is calculated 

ˆ (ˆ )s y yi
i

m

i
2

1

21= ⋅ −
=
∑ν

(1)

where

m

ŷi

yi is the measured value for the level xi .

t-distribution.

The calibration results should be reported in a table with the contents as given in the list below:

tot (kW/m2

Irad (kW/m2

Uout

tot (kW/m2) versus output voltage Uout

equation (resulting in A1 A1 together with A0) or a nonlinear approximation (A0 A1 and A2).

A2 is not given.

Apart from the table and the end result expressed in the constants A0 A1 and A2

should mention the following:

— absorptance of coatings
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The calibration report should contain the following information:

Clause 10 and a graph showing the calculated 

l) date and signature.
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(normative)

Procedure:

a) Turn on the bench.

c) Prepare the ice point for temperature measurement.

g) Run the software.

h) Switch on the Pirani gauge.

l) Open the vacuum circuit.

o) Start collecting parameter measurements.

q) Stop collecting data.

Ui

u) Close the vacuum circuit.
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bb) Repeat steps h) to v).
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(normative)

n isothermal surface elements. To calculate the 

Si :

J T Ei i i i i= + −ε σ ε4 1( )

where

J i i

ε i i

Ti is the temperature of surface i

Ei is the irradiance of surface i

E
S

J S f J S fi
i

i n n n i= + +( )1
0 0 0, ,...  where f i j is the view factor of surface i towards surface j

E
S

J S f J S fi
i

i i n i i n= + +( )1
0 0, ,...  because S f S fi i j j j i=

24 © ISO 2013 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 22:25:24 MSTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
`
,
,
,
,
,
,
`
,
,
,
`
,
`
`
,
,
`
,
,
`
`
`
,
`
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ISO 14934-2:2013(E)

E J f J fi i n i n= + +0 0, ,...

J T J f J fi i i i i n i n= + − + +ε σ ε4
0 01( )( ... ), ,

Yielding

−
−

= + + −
−

⎛

⎝
⎜

⎞

⎠
⎟ + +

ε σ
ε ε

i i

i
i i i i

i
n i n

T J f J f J f
4

0 0
1

1

1
, , ,... ...

The result is a set of n equations of n n “radiosities” of the surface elements.

The set of equations is rewritten in the form FJ C=  with:

F

f f f

f f f

f f f

n

n

n n

=

−
−

−
−

0 0
0

0 1 0

1 0 11
1

1

0 1

1

1

1

1

, , ,

, ,

, ,

...

...

: : :

...

ε

ε

nn n
n

n

J

J
J

J

C

T

,

:

−
−

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

=

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

=

−

1

1

0

1

0

ε

ε σ 00
4

0

1 1
4

1

4

1

1

1

−

−
−

−
−

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

ε
ε σ

ε

ε σ
ε

T

Tn n

n

:

F J: J F C= −1

Ei

1 n rings

2

3 k crowns
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a) n

b) k
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(informative)
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mm mm

0 0

17 27

33 54

50 81

67 —

83 —

100 —

133 —

167 —

200 —

250 —

300 —

350 —

410 —
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(normative)

The stepwise operating instructions are listed below

c) maximum allowable radiation in kW/m2.

note this in the protocol.

h) Measure the depth Xg

k) Connect all measuring devices to data logger.

q) Switch on the furnace.

C/min.

u) Take readings during 2 min (approx 120 readings) on stable level.
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v) Repeat steps m) through p) for next level of radiation.

w) Process the collected data according to the computer code (Annex E).

30 © ISO 2013 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 11/30/2013 22:25:24 MSTNo reproduction or networking permitted without license from IHS

--``,`,,,,,,`,,,`,``,,`,,```,`,`-`-`,,`,,`,`,,`---



ISO 14934-2:2013(E)

(normative)

Figure E.2 and using the net-radiation method:

q F q F e ei

i

k

kk
ik k ik

k
i kε

ε
ε

−
−

= −
= =
∑ ∑1

1

5

1

5

( )b b (E.1)

where

i is the net heat radiation per unit area leaving the area i

k is the net heat radiation per unit area leaving the area k

Fik is the view factor for radiation leaving area i and reaching area k

k k

ebi 4) leaving area i.

area i Figure E.1.
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3

L 2

A1

C

C

A
2

A 2

A3

A 3

A 4 1A5

L 3

L 2

L2

L3

r 1

A1

r 4A4
r , A

5

''

L''

'

''

''

'

' '

5

A3

A2

1 sensing surface

A areas

L heights

C apertures

with spacer ring

without spacer ring

The calculations are conducted according to the following procedure.

ε
ε ε

1 2 2

1

1 4 1
=

+ ( ) −( )d D f f

(E.2)

b) Calculate the viewfactors Fij i j F11 = F44 = F55 = F45 = F54 = F25 = F52 = 0.

c) Calculate the temperature of surfaces A2 and A3.

The temperature of the surfaces depends on the water and furnace temperature. An expression for 

conducted according to Figure E.2 f4 – Tw4) in order 
to construct a mean temperature for A2 and A3 depending on if the spacer ring is used or not. If 
no spacer ring is used then A2 comprises of Thermocouple TC1 and A3 of Thermocouples TC6 and 
TC7. If the spacer ring is used then A2 A3 of 

Figure E.2.
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TC1

TC2

TC3

TC4

TC5

TC6

TC7

2 and A3

q F q F q F q F e ek k
1

1

2

2
12 2

3

3
13 3

4

4
14 4 1

1

5

1

1 1 1

ε
ε

ε
ε

ε
ε

ε
−

−
−

−
−

−
= −∑ ( )b b (E.3)

−
−

+
− −

−
−

−
−

=
1 1 1 1 11

1
21 1

22 2

2
2

3

3
23 3

4

4
24 4 2

1

5ε
ε

ε
ε

ε
ε

ε
ε

F q F q F q F q F k
( ) ∑∑ −( )e e kb b2 (E.4)

−
−

−
−

+
− −

−
−

=
1 1 1 1 11

1
31 1

2

2
32 2

33 3

3
3

4

4
34 4 3

1

5ε
ε

ε
ε

ε
ε

ε
ε

F q F q
F

q F q F k
( ) ∑∑ −( )e e kb b3 (E.5)

−
−

−
−

−
−

+ = −∑1 1 11

1
41 1

2

2
42 2

3

3
43 3

4

4
4

1

5

4

ε
ε

ε
ε

ε
ε ε

F q F q F q q F e ek k( )b b (E.6)

5 = 1 and neglecting the second 
A1 on A3 to A5.

−
−

−
−

+ = −∑1 11

1
51 1

3

3
53 3

5

5
5

1

5

5

ε
ε

ε
ε ε

F q F q
q

F e ek k( )b b (E.7)

where

i is the net heat radiation per unit area leaving the area i

Fik is the view factor for radiation leaving area i and reaching area k

k k

ebi 4) leaving area i.

with i and k Figure E1.
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(normative)

All parts are made of brass. All surfaces visible from the furnace are treated to give a matt black surface 

Dimensions in millimetres

1 10 outer ring aperture support

2 inconel spacer ring 11 water outlet for sight tube

3 12

4 13

5 sensing surface 14

6 ultra temperature gasket rope 15 water inlet for sight tube

7 16 aluminium shim spacer

8 inner shell housing 17

9 water cooled sight tube 18
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Dimensions in millimetres

Dimensions in millimetres
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Dimensions in millimetres
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Dimensions in millimetres
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(informative)

between 6 kW/m2 and 75 kW/m2

the radiation can be varied between 2 kW/m2 and 25 kW/m2

calibration will be better the lower the water temperature.
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(normative)

The radiometer/controller setup is listed below

a) Radiometer controller power switch in off-position.

controller power cable to the mains.

c) Cover the radiometer front end with the cap.

d) Connect the cooling water pump outlet to the inlet of the radiometer.

e) Connect cooling water pump inlet and the radiometer outlet to the coolant reservoir.

g) Switch on radiometer controller.

(as and when needed)

The Digital volt meter check-out is performed according to the procedure below

a) Set switch “S1” to “OPERATE”.

c) Set switch “S2” to “ZERO” position.

e) Set switch “S2” to “SCALE” position.

The Dark signal procedure is performed according to the procedure below

a) Set both the switches “S1” and “S2” to “OPERATE”.
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The Radiometer self-calibration and operation procedure is listed below

a) Set switch “S1” to “SCALE” position (refers to electric heater in use).

V

e) Set switch “S2” to “CURRENT” position.

I

g) Calculate electrical power Pc = V I Cf.

h) where Cf

Cf

i) Set switch “S2” to “OPERATE” position.

Pi

l) If Pi is not equal to Pc Pi Pc.

m) Set both the switches “S1” and “S2” to “OPERATE” position.

NOTE The radiometer is self-calibrated at a power level of about 920 mW to be consistent with calibration in 
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(normative)

The Calibration set-up is listed below

the short extension.

using standard gauge blocks2).

to the ESR (station 1) and the test sensor (station 2).

heated or cooled.

h) Connect the radiometer control analogue output to the digital volt meter (channel 1).

i) Connect the sensor signal output to the digital volt meter (channel 2).

k) Record dark signals for the ESR and test sensor for about 60 s.

The Calibration measurements is listed below

Table 3) following the standard 

2) 2 2 2).
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3).

n) Increase the temperature to the next value.

r) Remove the radiometer and the test sensor from the setup and inspect.

3)  > 60 s at 10 kW/m2 2
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(normative)

The data reduction procedure is listed below

a) the mean value of the radiometer output (EI) in kW/m2 V) from the data 

b) Subtract the dark signals from the mean values calculated in step a). For calibration under high 

d) Convert the indicated radiometer mean value (Ei) to corrected power at the ECR (Ec

correction factor (Ec EI

Ec
2). 

Figure J.1

Table 4.

software can be used.
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1

2 gauge

NOTE
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(informative)

2010 12 . The RR was conducted using three meters at 10 levels. A linear regression was applied to the 
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4)

ISO/TC 92 /SC1 N607

A vacuum blackbody cavity for radiometric 
calibration of Gardon Gauges

 — 

vol. 27

ASME 

7

radiometer.  Appl. Opt. 35 pp. 1056–1068

J. Res. Natl. Inst. Stand. 
102 (4) pp. 479–488

calibration.  103 (6) pp. 621–624

SP Technical 

4)
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