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This paper gives the results of an experimental investigation of the
distribution of the iiradiance of some of the most widely used "light"
infrared sowrces. Their spectral characteristics are also given.

" Light" IR sources are used in industrial radiant
driers. Some of the parameters of these sources are
given in [1-7]. The calculation and design of driers
must provide for uniform heating of the material to be
dried. This necessitates an investigation of the distri-
bution of the irradiance of "light" IR sources.

Instruments with sensitive thermoelectric detectors
of radiant energy, such as the Boiko [2] and TsKTI
[8] radiometers, the Yanishevskii balancemeter and
pyranometer [9], etc., can be used for this purpose.
We used the mass-produced M-10 balancemeter in
conjunction with a GSA-1 galvanometer and, in ad-
dition, a special device employing the heat-flux gauge
designed at the Institute of Technical Thermophysics,
AS UkrSSR [10]. The receiving surface of the fast-
response balancemeter is nonselective. We deter-
mined the conversion factor ¢ of the balancemeter by
comparing its readings with those of a standard acti-
nometer, which was calibrated in turn against the
readings of a standard instrument-—a compensation
pyrheliometer. The irradiance E (W/m? was cal-
culated from the formula E = na. The conversion
factor was determined from the formula

Ry
—a. |1+ Db
a au< +Rg Rb) . {1)

In our case ay = 12.7 W/m? - div. The ITT heat-flux
gauge was calibrated against a complete emitter
standard. In the measurement of high irradiances
the "cold” junctions of the thermopile of the bal-
ancemeter and the heat-flux gauge were heated dur-
ing the measurement and this led to underestimates
of the irradiance. To prevent this we used a thermo-
stat to keep the "cold" junctions of the thermopile

at a constant temperature.

To record the distribution of irradiance we
mounted the IR sources over a coordinate grid with
squares of the same size as the receiving area of the
balancemeter. The irradiance values given in Figs.
1 and 2 and in Tables 1 and 2 are the mean values
measured in four mutually perpendicular directions
at the same distance I from the axis of symmetry of
the source. The reason for this is that "light" IR
sources produce an asymmetric distribution of ir-
radiance. For instance, for the same [ and other
conditions equal, the irradiances were different and

varied for sources of the ZS type and the VEB factory
(G.D. R.) type in the range +20% for h=0.1 m, and
+10% for h = 0.5 m. For the sources produced by the
Elprom factory (Bulgaria) the variation was £10% for
h=0.1m and +56% for h = 0.5 m. These fluctuations
can be attributed to the variable shape of the incandes-
cent element and its position relative to the reflector.
Hence for these heights the "light" IR sources cannot
be regarded as point sources.

The resulis of the investigation are given in Fig. 1
and in Tables 1 and 2.

An analysis of the data obtained shows that the ir-
radiances produced by the sources were not directly
related to their power consumption. The most ef-
ficient in this respect were the ZS sources. For in-
stance, for aZS-2 lamp withZ = 0andh = 0.3 m, E/P =
= 10.6 1/m?, and for the Elprom lamp (P = 250 W)
E/P = 2.1 1/m2 The ratio E/P for each source varied
in different ways with change in h. For instance, with
change of h from 0.3 toc 0.1 m, E/Pfor the Z5-2 lamp
increased by a factor of 3.6, and for an Elprom lamp
with the same power consumption E/P increased by
a factor of 8. Hence, it is better to use Elprom lamps
when h is small. For the same heights the Elprom
lamps ensured sufficient uniformity of irradiance. For
similar reasons ZS lamps are better for use when h is
large. We should also mention that uniform irradiance
is produced by ZS lamps for h = 0.5 m, and by the
Elprom and VEB lamps for h = 0.4 m. This was ac-
companied by a considerable reduction of the irra-
diance. For instance, for ZS lamps withl =0 and h =
=0.5mE was 10-12% of E for /=0 and h= 0.1 m.
The corresponding figure for the Elprom and VEB
lamps was 3-7%.

Figure 2 shows that for I = 0 and h = 0.1 m the ir-
radiance produced by this source was one third of
that of the ZS~-3 lamp for the same [ and h, despite
the fact that their power consumption was twice as
great. When a cylindrical reflector was used with this
lamp E was increased by a factor of 3 for /=0 and h =’
= 0.1 m and by a factor of 7 for /=0 and h= 0.7 m.
The small size of these lamps means that greater
uniform irradiances can be obtained from the same
area than in the case of ZS sources.

Figure 1 also shows the relationships E = f(U) for
l1=0and h= 0.3 m, which are linear. These rela-
tionships can be conveniently and economically ap~
plied in the heat processing of materials, particu-
larly thermally unstable materials, instead of the
laborious operation of regulating the distance from
the sources to the material.
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Fig. 1. Distribution of irra-
diance E (W/m? of IR sources
(a—Z8-1; b—ZS-2; ¢c—ZS-3)
for different heights h of:
1) 0.1 m; 2) 0.2; 3) 0.3; 4)
0.4; 5) 0.5;6) 0.6; 7) 0.7;and
8) different supply voltages

U (volts) for h = 0.3 m
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Table 1. Distribution of Irradiance of IR Sources
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Table 2. Irradiance of IR Sources forI =0 and h
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Fig. 2. Irradiance E (W/m? of NIK-220 X 10004, IR lamp
a) without a reflector; b) with a reflector; for different
heights h of: 1) 0.1 m; 2) 0.2; 3) 0.3; 4) 0.4; 5) 0.5; and
6) different supply voltages U (volts) with reflector for

£10°

h=03 m.

The experimental values of the irradiance can be
represented analytically by an empirical formula of
the form

E =L, exp [0l 2)
For instance, for a ZS-3 lamp with h=0.3 m, b=

= 0.066, ¢ = 1.238, and for h=0.5m, b=0.006, c=
= 1.761. The irradiance values calculated from these
formulas differed from the experimentally obtained
values by +2—7%, which is quite satisfactory, since
deviations of irradiance for different directions were
+20% of the mean value.

The scientifically based heat processing of ma-
terials requires, in addition to uniform irradiance,
matching of the spectral characteristics of the lamps
with the optical properties of the materials [11]. We
obtained the spectral characteristics of the above
"light" IR sources on a IKS-12 instrument. For the
nominal voltages the maximum of the emission was
at wavelength A = 1.3u. In this case approximately 75%
of the irradiated energy lay in the wavelength range
from 1 to 2 i Hence, the investigated "light" IR
sources can be effectively used for the heat processing
of materials which have maximum absorption in this
wavelength range.

NOTATION

n denotes number of divisions on galvanometer
scale; ay is the conversion factor of balancemeter with
galvanometer without external booster resistor; Ry
and Rg, Ry are external booster resistor and total
internal resistance of galvanometer, thermopile, and
balancemeter; h is the height of suspension of source

over surface of coordinate grid; p is the power con-
sumption of source; u is the source suppiy voltage;
b and ¢ are constants.
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