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Abstract
Patcharaphun, S. and Sombatsompop, N

Measurements of true polymer melt temperature in a circular

cross-sectional duct by moving temperature sensor
Songklanakarin J. Sci. Technol., 2002, 24(1) : 53-66

The objective of this research was to design and develop an experimental apparatus and a temp-
erature sensor in order to measure true melt temperature rise due to the shear heating during the flow.
The designed apparatus featured two different forms, one being the polymer melt flowing past the stationary
sensor (so-called moving piston), and the other being the sensor moving along the stationary polymer melt
(so-called moving sensor). By subtracting the temperature data obtained by moving sensor from those
obtained by moving piston the true melt temperature rise could be vielded. The temperature data were
collected using a high-speed data logger and a computer. The effects of melt/piston velocity, initial melts
temperature and various types of polymer melts used were of interest in this work. It was found that the
experimental apparatus designed and used in this work was very effective and gave reasonably accurate
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results. In the moving piston system, the maximom melt temperature rise was in the range of 6-12 °C.
Increasing the piston speed and initial melt temperature resulted in an increase in the maximom temperature
rise. At very high piston speed, the maximum temperature rise reduced. In the moving sensor system, the
maximum melt temperature rise due to the friction between the melt and the sensor was independent of
the sensor velocity, initial melt temperature and types of polymer melts. The maximum melt temperature
rise for this system was in the range of 3-5 "C. After the calculation of the true melt temperature, the true
maximum melt temperature ranged from 5 to 7 °C. Finally, it was observed that the experimental temp-
erature data were considerably different from the theoretical data.

Key words : temperature profiles, polymer melts, shear heating, temperature sensor
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Figure 1. Experimental apparatus for temperature profile measurement

(a) Moving piston mode

(b) Moving sensor mode
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Table 1. Position of temperature measurement as

a function of reduced radius

Measuring junction Distance R
of temperature from center (Reduced radius)
sensor (r) (mm)

I, 10.5 0.6
1, 3> 0.2
I 0 0
I, 7.0 0.4
I. 14.0 0.8
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Table 2. Raw materials and initial bulk melt temperature testing

; s Initial bulk
Eolyrisr:types Gradg temperature testing (°C)
1. Polypropylene (PP) P700J 190, 210, 230
2. High Density Polyethylene (HDPE)  H5690S 170, 190, 210
3. Low Density Polyethylene (LDPE)  LDI1905F 190
4. Polystyrene GPPS 230
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Figure 7. Uncorrected and corrected radial tem perature profiles for PP melt at sensor speed of
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Table 3. Effect of different initial bulk temperature of PP melt on maximum

temperature rise (ATIm

) at piston speed of 50 mm.min"

Test AT __ (*C) AT (°C) AT (°C)
Temperature (*C) Moving Piston Moving Sensor Corrected
190 8.0 4.0 4.0
210 9.0 3.5 5.5
230 11.5 3.5 8.0
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Table 4. Effect of different piston and sensor speed on maximum temperature
rise ( ATm“) at a initial bulk temperature of PP melt 190 °C

Test Speed AT (°C) AT (°C) AT (°C)
Temperature ("C) (mm/min ) Moving Piston  Moving Sensor Corrected
50 2.0 4.0 4.0
100 9.0 33 5.5
190 200 9.0 3.0 6.0
300 6.0 33 2.5
500 35 3.0 2.5
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Table 5. Comparison the maximum temperature rise (AT__) between experimen-

tal and theoretical of PP melt

Type of Test Piston Speed AT, (C)
Polymer. Temperature ('C}  (mm/min) Theoretical Experimental (Corrected)
PP 190 50 0.07 4.0
100 0.18 5.5
200 0.49 6
300 0.87 25
500 1.75 2:5
210 50 0.06 5.5
100 0.14 6
200 0.39 6.5
300 0.70 7
500 1.41 4.5
230 50 0.05 8
100 0.11 11
200 0.32 12.5
300 0.57 10.5
500 1.16 8.5
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