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In the transfer calibration of heat flux sen-
sors, a correction for the irradiance dis-
tribution across the sensing area may be re-
quired when the sensing areas of the
reference and test sensors are different. A
method to calculate this correction using
well-known equations for the configuration
factors is presented. Also, estimates of
the correction for test conditions corre-
sponding to the transfer calibration tech-

nique in use at the National Institute of
Standards and Technology are given.
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1. Introduction

The calibration of high heat flux sensors using radiant
blackbody sources requires positioning of the sensors
close to the aperture of the radiant source [1]. Hence the
heat flux measured or calculated at the sensor location
is sensitive to uncertainties in location of effective aper-
ture, positioning accuracy, and finite size of the sensor.
In particular, when transferring the calibration from a
radiometer whose aperture is larger than the sensitive
area of the sensor to be calibrated, the averaging areas
for the radiometer and the sensor will be different. This
does not present a problem when the sensors are located
far away from the radiant source, since the heat flux
distribution is uniform over the sensing area. However,
for sensor locations close to the aperture, it is necessary
to ascertain that the effect due to non-uniform distribu-
tion of the heat flux is small or a correction is applied,
if necessary. These effects are dependent only on the
geometry of the calibration setup and can be calculated

using well-known equations for the configuration factor
[2]. This paper presents the relevant calculations and
gives estimates of the corrections representative of the
test conditions in the transfer calibration technique at the
National Institute of Standards and Technology [1].

2. Theory

The radiation exchange between two surfaces is de-
termined by the geometric view factor. For exchange
between two circular disks (Fig. 1a), corresponding to
the transfer calibration setup at NIST, the average con-
figuration factorCfa is given by

Cfa = F(1 + B2 + C2) 2 [(1 + B2 + C2)2 2 4B2C2]1/2

2B2 G,

(1)
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Fig. 1. Configuration factor between two disks: (a) average, (b) local.

whereB = b/h, C = d/h, andb is the radius of the radi-
ating aperture,d is the radius of the sensor andh is the
distance between the radiating aperture and the sensor.
By differentiating Eq. (1) with respect to distanceh, we
obtain an expression for relative change in the value of
the configuration factor for small variations in the dis-
tance caused by uncertainties in positioning the sensor
or the exact location of the aperture. This variation is
represented by

dCfa

Cfa
= 2 2[(1 + B2 + C2)2 2 4B2C2]21/2 Sdh

h D. (2)

When the sensor size is finite, the viewing angle
varies across the sensor surface (Fig. 1b). Hence the
local configuration factor varies from the center to the
outer edge of the sensor. The local value of the config-
uration factorCfa at a distancex from the center is given
by the expression

Cfx = S1
2D F1 2

(1 + D2 2 B2)
[D4 + 2D2(1 2 B2) + (1 + B2)2]1/2G, (3)

whereD = x/h, B = b/h, andx is the distance from the
center of the sensor. At the center (x = 0), and Eq. (2)
simplifies to

Cf0 = F B2

(1 + B2)G. (4)

3. Results and Discussion

Numerical values have been calculated for the aper-
ture and sensor sizes corresponding to the testing ge-
ometry in the transfer calibration setup. For heat flux
sensors calibrated, or likely to be calibrated in the fu-
ture, the sensitive area of the sensor will be much less
than the diameter of the radiating aperture. For the
transfer standard radiometer currently in use, the aper-
ture area is 1.0 cm2. For calibrations using the 25 mm
Variable Temperature Blackbody (VTBB), the ratio of
the radiometer and blackbody aperture diameters will
be 0.45. Hence the results of the calculations are pre-
sented for the range of diameter ratios 0.1, 0.3, and 0.5.

Figure 2 shows the typical variation of average con-
figuration factorCfa with distance. When the sensor is at
the radiating aperture location, the value corresponds to
the ratio of the areas. Away from the aperture, the con-
figuration factor drops rapidly to the location where
h/b ≈ 2. Farther away, the decrease is gradual. From Fig.
3, it may be seen that the rate of change of configuration
factor with distance is almost independent of the radius
of the receiving disk (sensor). The rate of change is zero
when the sensor is at the aperture location and decreases
to about2 1.9 when it is at a distance of twice the
aperture diameter. Farther away, it gradually approaches
the asymptotic value of2 2. This means that the frac-
tional change in configuration factor is about twice the
uncertainty in the location of the sensor. However, the
relative uncertainty of the sensor position is small when
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Fig. 2. Configuration factor between two circular disks.

Fig. 3. Relative change in configuration factor between two disks for small variation in the
separation distance.

the sensor is located farther from the aperture. When the
sensor is closer to the aperture, for a given positioning
accuracyDh, the relative uncertaintyDh/h will be much
higher. In addition, cooling around the aperture can
make it difficult to define the exact location of the
effective radiating aperture. The cooling effect is diffi-
cult to estimate and can be a major source of uncertainty
when the sensor is located close to the aperture to
achieve high heat flux levels.

Another effect to be examined in the transfer calibra-
tion is the averaging area of the sensor and the transfer
standard. Downstream of the radiating aperture, the heat
flux distribution has a peak at the center and decreases
away from the center. The sensitive area of the heat flux
sensor is generally small, and responds to the peak of the
distribution. However, the aperture size of the transfer
standard cavity-type electrical substitution radiometer is
much larger. Hence the response of the radiometer will
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Fig. 4. Correction factor for the reference radiometer reading.

be proportional to the average flux captured from the
distribution. Due to this averaging effect, a correction to
the radiometer measurement may be necessary in some
cases to determine the peak value of the distribution
from the average reading. This correction can be esti-
mated by considering the variation of the configuration
factor across the radiometer aperture, and plotting the
ratio at x = 0, to the average value (Cfo/Cfa). Figure 4
shows this correction for different sensor dimensions
versus the location of the sensor. The correction factor
is unity when the sensor is located at the aperture plane
because of the uniform distribution. The correction fac-
tor peaks approximately at a distance equal to the radius
of the aperture, and decreases asymptotically to unity at
large distances. The correction is a strong function of the
ratio of the sensor to the aperture radii. For the VTBB
test conditions, this ratio is about 0.44, and the correction
is less than 0.5 % of the measured radiometer reading.
The correction increases rapidly when moving closer to
the aperture.

4. Conclusions

An analysis of the geometrical effects of calibrating
heat flux sensors in a blackbody environment is pre-
sented. Factors such as average configuration factorCfa,
its sensitivity with separation distanceh, and a correc-
tion for non-uniform distribution of the irradiance at the
sensor location are considered. For typical NIST trans-
fer calibration configurations, the correction for mea-
sured sensor responsivity due to non-uniform distribu-

tion is less than 0.5 %, as long as the test sensor is
separated from the blackbody aperture by at least four
aperture diameters. The corresponding positioning and
configuration factor uncertainties will also remain small
for a wide range of sensor to blackbody apertures radii.
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