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Importance of Measuring Temperatures

* Determine rate of heating

» Determine uniformity of heating
- Take corrective action
- Regulate heat input and distribution

- Determine rate of cool down

» Determine if minimum temperature-time
combinations have been attained to kill insect
species and stages

* Protect heat sensitive equipment
» Estimate heat treatment costs



Measurement Devices



Temperature recorder
Data logger

Thermocouples
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Boxcar Pro Software

"mBoxCar Pro 4.0 - 264157.dtf =10] x|

File Edit | Logger Plok Tools  ‘Window  Help

-, Launch... o+l | I_ | | | | = | |
5 E Readout ChrlH+-R d il DS L) - ?
huttle Readout  Chrl4+R
I 2641 AL _|Of x
Optic Shuttle Readout  Crrl4U =101.x]
Read HOBD Pro Archives Chrl+a 264157
- ° Mulkiple launch. .. ChFl-M
T 90
I VA /
BT B e
o=
= 60+
T 50
E 40-
30-
o e 20+45— T T T T T T T T T T T T T 1 T T T T T T T T 1
08101 0811 0821 08:31
073199 21:51:46 09:01/99 00:54:49
B 264157.dtf -0 x|
264157
1004
" W
N -
(] 610 -
F ]
= 404
E B
20 -
I]_ " 1 " ' " ' " ' ' " ' I ' " ' " ' " ' " ' I
0811 0821 08:31
080199 01:42:35 083109 05:35:43

Launch a single logger L
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Maximum temperature attained at floor level during heat treatment in
August, 1999
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The length of time floor temperatures were above 50°C during a heat
treatment in August, 1999
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Wireless Devices

* Radio frequency
- Transmitter

» Receiver

* Gives real time reading



Thermal Imager
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Surface temperature vs radiant energy
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Basement

y=33.4+33.3(1-1/(1+33.3*0.008x)); r’=0.99

Temperature

Relative humidity

y=19.1+13.3 exp(-x/2.35)); r*=0.88

~

1% floor

y=31.4+33.5(1-1/(1+33.5*0.011x)); r’=0.95

y=19.9+11.9 exp(-x/2.47)); 1’=0.74
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Observed temperature
—— Predicted temperature
Observed RH
Predicted RH

2" floor

" y=31.9+32.1(1-1/(1+32.1*0.013x)); r’=0.90

N y=18.9+13.8 exp(-x/2.90)); r’= 0.84
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1 3" floor

* y=31.8+31.8(1-1/(1+31.8*0.011x)); r’=0.93

% ¥=19.9+11.3 exp(-x/2.77); r’=0.75
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7 y=31.1+28.8(1-1/(1+28.8*0.007x)); ’=0.95

X, y=19.4+16.8 exp(-x/4.6)); ’=0.87
N

—_ . .
R e L S I NNpY T T

360

4 8 12 16 20 24 28 32

Time (hours)

36

Observed and fitted lines to
temperature and RH data




August 4-6 gas heat treatment

Feed mill, KSU
Location Hours to Hours above  Maximum
reach 50°C 50°C temperature

(°C)

Basement 4-4 3 31.7-32 717

1st floor 15-3.2 32.8-34.5 63.9

2nd floor 2.1-2.4 33.6-339 707

3rd floor 3.1-34 32.6-329 70

4th floor 7.2-8 28-28.8 64.4

Warehouse 1.3-2.3 33.7-347 65.6

Heater discharge: 62.8-104.4°C. Outside: 22.2-24.4°C. Mill: 28.3-30.6°C.



Bottomline

+ Heat worksl!
* Minimum temperature, 50°C or 122°F

- Time, variable

- Time of year (winter vs summer)
- Spot or whole building

- Insect species and stage



