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ABSTRACT

The objective of this research is to propose the application of infrared radiation
properties (Emissivity, €) of object in the food industry. Each object has its own € value depending on
an objective type, the surface and surrounding temperatures of object (Background Temperature: Tod)s
the angle and wavelength emitted from a surface, and the specification of an instrument. Emissivity
value was obtained by measuring a surface temperature of the target object using Thermal Image
Camera (TI) or IR Sensor (wavelength between 8- 14 [lm) and a thermocouple. Temperature measured
from TI must be adjusted by increasing/ decreasing of € value until the temperature equal to the one
obtained from thermocouple which was the actual surface temperature. The € presented at that point is
the radiation property of that object. According to radiation leaves a surface due to emission and
reflection, T, should be set in the software of an instrument to compensate the reflection effect from
the irradiation. In case of IR sensor there is no function to compensate the effect of T,;; therefore, the €
measured from this would be not the actual value. The experiment was performed on five types of
engineering materials such as iron, stainless steel, aluminum, copper, and copper to determine the €
value. It was found that the € values are in the range of 0.81-0.88 for iron, 0.33-0.51for stainless steel,
0.16-0.24 for aluminum, 0.34-0.52 for copper, and 0.40-0.65 for brass. For food material, the bread
baking process was selected to be the case study. The baking process was divided into the following 3
stages: stage 1: the center temperature of bread was 25°C—40°C which caused to the surface temperature
was 40°C-90°C and € value was 0.95, stage 2: the center temperature was 40°C—60°C which caused to
the surface temperature was 90°C—100°C and € value was 0.95, and stage 3: the center temperature was
60°C-98°C which caused to the surface temperature was 100°C~120°C and € value was in the range of
0.81-0.95. Both baking conditions with constant and non-constant oven temperature were not effect to

the € values because they mainly depended on the surface temperature.
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2:2:2 n;]m‘sﬂiz%’ﬂeumsm (Wein’s Displacement Law)
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2.2.3 nguasma1uIuanuINL (The Stefan-Boltzmann Law)
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Material’s Surface Wavelength Temperature Emissivity Reference
(A:pm) (K) (g)
Aluminum; Oxidized 273-373 0.11 Fraden, 2010.
Aluminum; Oxidized 550 0.63 Fogiel, 1992.
Aluminum; Oxidized 80-500 0.75 Rogalski, 2009
Aluminum; Polished 273-373 0.05 Fraden, 2010.
Aluminum; Rough 273-373 0.06- 0.07 Fraden, 2010.
Aluminum; Anodized 1.8-9.3 0.34-0.94 Rao,2010.
Brass; Oxidized 9.3 0.61 Rao,2010.
Brass; Oxidized 300 0.60 Brewster, 1992.
Brass; Polished 5.4-9.3 0.10 Rao,2010.
Brass; Polished 300-500 0.10 Brewster, 1992.
Brass; Polished 400-600 0.03 Rogalski, 2009
Brass; Dull tarnished 273-373 0.61 Fraden, 2010.
Copper; Oxidized 298 0.78 Fogiel, 1992.
Copper; Oxidized 300-800 0.77-0.87  Brewster, 1992.
Copper; Oxidized 273-373 0.60-0.70  Fraden, 2010.
Copper; Polished 390 0.023 Fogiel, 1992.
Copper; Polished 300-1600 0.04-0.17  Brewster, 1992.
Copper; Polished 273-373 0.02 Fraden, 2010.
Iron; Cast,Oxidized 3.6-9.3 0.63-0.76 Rao,2010.
Iron; Oxidized 9.3 0.96 Rao,2010.
Iron; Oxidized 300-800 0.60-0.80 Brewster, 1992.
Iron; Polished 3.6-9.3 0.06 -0.13 Rao,2010.
Iron; Polished 300-1600 0.06-0.20  Brewster, 1992.
Stainless Fogiel,1992.
Steel; Types 304 Vi S
Stainless Amidon, 1599.
Steel; Types 316; 0.28
Polished
Stainless Steel 1-1,000 0.60 Saravacos and
Kostaropoulos, 2002
Bread Kress-Rogers and
4y ) o Brimelow, 2005.
Chocolate Kress-Rogers and
" 022 Brimelow, 2005.
Coke 8-13 0.95-1.00 Bentley, 1998.
Dough 1-1000 0.85 Saravacos and
Kostaropoulos, 2002
Fat beef 1-1000 0.78 Saravacos and
Kostaropoulos, 2002
Ice; Rough 300 0.99 Brewster, 1992.
Ice; Smooth 300 0.97 Brewster,1992.
Lean beef 1-1000 0.74 Saravacos and
Kostaropoulos, 2002
Paper 300 0.90-0.98  Brewster, 1992.
Vegetation 300 0.92-0.96 Brewster, 1992.
Water 9.3 0.96 Rao (2010)
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2301 %Q?Tﬁ!!ﬁ@ﬂﬂﬂ]ﬂﬁuﬁlﬁlﬂq (Radiosity: J) (Incropera, et al.,2005)
v Aaa &?J’ ~ [l dy a w a Y v A A
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as b v ad 2 ) el A = v
IR0 (Emission: E) HaZIITNUIINTILIAQON (Irradiation, G) NWIINFUIAA DY IAsso1
=) 2 ﬁ'
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i 3 v oaa 2 Y] A o A o A
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3 s 3 @ @ @ =& ' v A 9 ~

Spectral irradiation (G}\) L‘ﬂu’E)GliWﬂﬁﬂﬂﬂim’l‘]Jﬂ‘UW‘uWJ’mQﬁu\iﬂuﬁﬂmﬂ’iﬁf’fﬂ’ﬂi\lﬁﬂuﬂ
= 4
UANUYIINAY A

. o 00 3| g [ dy a 4! 1 ,ﬁ'

Total irradiation (G) Lﬂuﬂﬂﬁﬂﬁ@ﬂﬂi&’ﬂﬂﬂﬂwuW'J“H“LNW“H'JFJG]ﬁ@ﬂnﬂﬂ'ﬂilfﬂ')ﬂﬁu

Irradiation finnARNsENUIAg AR g TAggad'ld (Absorption: A or Gy ) 19d a2
ﬁxﬁ'@uaaﬂmﬂ’?ﬁq (Reflection: R or Gy_) uazmad’;mgmqw'mi’mq"lﬂ (Transmission: T or

Gy,) A3 2.11 ag 2.12 %4 1dnan ludq lusiade 2.1
G= G,\_m ih G,\M 51 G}w

130 G = A+R+T (2.16)

Bartlranipasesl s gpspnns
A .

Lo

Uit 2.11 nszanunIgadu azfeunazdedesdnudouluingiaTusaua

nn Incropera, et. al., 2005.
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Target Heat
Source

R
Heat T
Source e
A By
| = Irradiation
R = Reflection

T = Transmission
E = Emission
A = Absorption

¢:| =< 9 ] Vilar 2t 9 [
3 2.12 AszuINMsead azton uazderossdnnuieuluing

i Gruner, 2003

113192 1891 Irradiation (G) = A+R+T (aum3 16) ¥ G w1sanea 1z 14
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e
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+

(R -e)
Dl

é v 1

W9 A/G AOANNEINID NIRRT (Absorptivity: ) 82U R/G Aoadwasnlunig
aziou (Reflectivity: ) 1Az T/G A ANNeITa IS E9HI (Transmissivity: T) MmTou
gums ez 1a

a+p+T=1 (2.17)

v 9 Fd
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~ o g0 ¥ 1 Y A o 1 [ [
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[
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£ +p=1 (2.18)
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agnou (p =0) 9z 1@

E=1 (2.19)
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2.3.3 EJJGIQWH (Gray body) (Incropera, et al..2005)
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Optics
or window

Target Atmosphere Dot cion Display and interfaces
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