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F ig u r e  A 1  Apparent flow curve with slip correction for H5604F HDEP at the
temperature of 180 °c.
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Figure A2 Apparent flow curve with slip correction for H5840B HDEP at the
temperature of 180 °c.
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Figure A3 Apparent flow curve with slip correction for H5818J HDPE at the 
temperature of 180 °c.

Figure A4 Apparent flow curve with slip correction for H5690S HDPE at the
temperature of 180 °c.



92

1e+7

ร
^  1e+6

p

1 10 100 1000
y.„„ (ร'1)

Figure A5 Apparent flow curve with slip correction for H5604F HDPE at the 
temperature of 160 °c.

• • apparent flow curve
๐ apparent flow curve

with slip correction
1 ..L  1-1 I--------------1--------1____ I----1 I I I I I___________ I______ I____ 1___I— L - L  1 1 I____________I______ I____ I___ I I I I I I___________ L

£p

1e+7

1e+6

1e+5

#  apparent flow curveo apparent flow curve 
with slip correction

1 10 100 1000

Figure A6 Apparent flow curve with slip correction for H5604F HDPE at the
temperature of 200 °c.
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Figure A7 Apparent flow curve with slip correction for H5840B HDPE at 
the temperature of 160 °c.
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Figure A8 Apparent flow curve with slip correction for H5840B HDPE at
the temperature of 200 °c.
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APPENDIX B

B.l Rheological Characterization

1) The storage modulus of H5604F HDPE as a function of frequency 
(transducer 2 and 25-mm cone diameter) at strain amplitude equal to 10 
and at various temperatures (Figure 4.1)

Frequency
(rad/s)

G' (dyn/cm2)
160 T 180 uc 190 uc 200  uc

1.00E -01 6 .1 4 E + 0 4 5 .4 3 E + 04 5 .3 5 E + 0 4 3 .3 2 E + 0 4
1.58E -01 7 .7 1 E + 0 4 7 .9 3 E + 04 7 .1 2 E + 0 4 4 .9 8 E + 0 4
2 .5 1 E -0 1 1 .21E + 05 1.06E +05 9 .6 7 E + 0 4 6 .9 9 E + 0 4
3 .98E -01 1.26E +05 1.41E +05 1 .24E +05 9 .8 3 E + 0 4
6 .3 1 E -01 1 .92E + 05 1.82E +05 1 .60E +05 1 .33E + 05
1 .0 0 E + 00 2 .3 0 E + 05 2 .3 4 E + 05 2 .0 3 E + 0 5 1 .7 7 E + 05
1 .5 8 E + 00 2 .9 5 E + 05 2 .9 7 E + 05 2 .5 7 E + 0 5 2 .3 1 E + 0 5
2 .5 1 E + 0 0 3 .7 6 E + 05 3 .77E + 05 3 .2 1 E + 05 3 .0 2 E + 0 5
3 .9 8 E + 0 0 4 .8 0 E + 05 4 .7 1 E + 05 3 .9 9 E + 05 3 .9 3 E + 0 5
6 .3 1 E + 0 0 6 .0 5 E + 05 5 .86E + 05 4 .9 3 E + 0 5 5 .0 3 E + 0 5
1 .00E + 01 7 .5 3 E + 05 7 .23E + 05 6 .0 4 E + 0 5 6 .3 6 E + 0 5
1 .58E + 01 9 .2 8 E + 05 8 .83E + 05 7 .3 3 E + 05 7 .9 5 E + 0 5
2 .5 1 E + 01 1 .13E + 05 1.07E +05 8 .8 0 E + 05 9 .8 1 E + 0 5
3 .9 8 E + 01 1.36E +05 1.28E +05 1 .05E + 05 1 .2 0 E + 05
6 .3 1 E + 01 1.61E +05 1.52E +05 1 .24E + 05 1 .4 5 E + 05
1 .00E + 02 1.91E +05 1.79E +05 1 .46E + 05 1 .7 4 E + 05
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2) The loss modulus of H5604F HDPE as a function of frequency (transducer
2 and 25-mm cone diameter) at strain amplitude equal to 10 and at various
temperatures (Figure 4.2)

F requency
(rad/s)

G" (d yn /cm 2)
160 uc 180 uc 190 uc 200  uc

1.00E -01 7 .3 6 E + 04 6 .6 7 E + 04 5 .6 8 E + 0 4 5 .2 4 E + 0 4
1.58E -01 9 .9 5 E + 0 4 8 .63E + 04 7 .4 0 E + 0 4 7 .1 3 E + 0 4
2 .51E -01 1.25E +05 1.12E +05 9 .3 3 E + 0 4 9 .4 4 E + 0 4
3 .98E -01 1.05E +05 1.39E +05 E 16 E + 0 5 1 .22E + 05
6 .31E -01 1.59E +05 1.72E +05 1.44E +05 1 .55E + 05
1 .0 0 E + 00 2 .0 0 E + 05 2 .12E + 05 1.77E +05 1 .95E + 05
1 .5 8 E + 00 2 .4 3 E + 05 2 .58E + 05 2 .1 4 E + 0 5 2 .4 1 E + 0 5
2 .5 1 E + 0 0 2 .9 1 E + 05 3 .13E + 05 2 .5 6 E + 05 2 .9 7 E + 0 5
3 .9 8 E + 0 0 3 .4 7 E + 05 3 .72E + 05 3 .0 5 E + 05 3 .6 0 E + 0 5
6 .3 1 E + 0 0 4 .1 1E+05 4 .3 7 E + 05 3 .5 8 E + 05 4 .3 1 E + 0 5
1.00E +01 4 .8 3 E + 05 5 .06E + 05 4 .1 3 E + 05 5 .0 7 E + 0 5
1.58E +01 5 .57E + 05 5 .78E + 05 4 .7 3 E + 0 5 5 .8 7 E + 0 5
2 .5 1 E + 01 6 .3 5 E + 05 6 .55E + 05 5 .3 5 E + 05 6 .7 1 E + 0 5
3 .9 8 E + 01 7 .1 5 E + 05 7 .35E + 05 6 .0 0 E + 05 7 .6 1 E + 0 5
6 .3 1 E + 01 7 .9 3 E + 05 8 .16E + 05 6 .6 6 E + 05 8 .5 4 E + 0 5
1 .00E + 02 8 .75E + 05 8 .97E + 05 7 .3 3 E + 05 9 .4 8 E + 0 5
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3) The storage modulus of H5690S HDPE as a function of frequency
(transducer 2 and 25-mm cone diameter) at strain amplitude equal to 10
and at various temperatures (Figure 4.3)

Frequency
(rad/s)

G' (dyn/cm2)
140 uc 160 uc 180 uc 190 uc 200 wc

1.00E -01 6 .1 9 E + 03 4 .3 1 E + 03 1 .15E + 04 8 .46E + 03 6 .8 9 E + 0 3
1.58E -01 9 .6 7 E + 03 6 .94E + 03 1 .79E + 04 1 .35E + 04 9 .8 2 E + 0 3
2 .5 1 E -01 1 .61E + 04 1 .10E + 04 2 .6 5 E + 0 4 1 .97E + 04 1 .4 1 E + 04
3 .9 8 E -01 2 .5 6 E + 0 4 1 .75E + 04 3 .8 1 E + 0 4 2 .7 9 E + 0 4 2 .0 6 E + 0 4
6 .3 1 E -01 4 .1 1 E + 0 4 2 .8 0 E + 0 4 5 .4 2 E + 04 4 .0 0 E + 0 4 2 .9 8 E + 0 4
1 .0 0 E + 00 6 .5 3 E + 0 4 4 .4 6 E + 0 4 7 .6 5 E + 04 5 .6 4 E + 0 4 4 .2 7 E + 0 4
1 .5 8 E + 00 1 .03E + 05 7 .1 1 E + 0 4 1.08E +05 8 .0 1 E + 0 4 6 .1 9 E + 0 4
2 .5 1 E + 0 0 1.62E +05 1.12E +05 1.51E +05 1 .14E +05 9 .1 1 E + 0 4
3 .9 8 E + 0 0 2 .4 9 E + 0 5 1.79E +05 2 .1 2 E + 05 1 .62E + 05 1 .34E + 05
6 .3 1 E + 0 0 3 .8 3 E + 05 2 .7 8 E + 05 2 .9 3 E + 05 2 .3 1 E + 0 5 1 .97E + 05
1 .00E + 01 5 .7 1 E + 05 4 .1 5 E + 05 4 .0 1 E + 05 3 .2 6 E + 0 5 2 .8 5 E + 0 5
1.58E +01 8 .2 2 E + 05 6 .0 5 E + 05 5 .41E + 05 4 .4 8 E + 0 5 4 .0 7 E + 0 5
2 .5 1 E + 0 1 1.15E +05 8 .59E + 05 7 .2 2 E + 05 6 .0 8 E + 0 5 5 .7 3 E + 0 5
3 .9 8 E + 01 1.57E +05 1.19E +05 9 .5 6 E + 05 8 .1 3 E + 05 7 .9 6 E + 0 5
6 .3 1 E + 01 2 .1 0 E + 0 5 1.62E +05 1.25E +05 1 .08E + 05 1 .09E + 05
1 .00E + 02 2 .7 6 E + 05 2 .1 7 E + 05 1 .64E + 05 1 .41E + 05 1 .48E + 05
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4) The loss modulus of H5690S HDPE as a function of frequency (transducer
2 and 25-mm cone diameter) at strain amplitude equal to 10 and at various
temperatures (Figure 4.4)

Frequency
(rad/s)

G' (dyn/cm2)
140 uc 160 uc 180 "C 190 uc 200 uc

1.00E -01 2 .5 6 E + 0 4 1.80E +04 2 .4 6 E + 0 4 1 .90E + 04 1 .5 6 E + 0 4
1.58E -01 3 .7 4 E + 04 2 .6 6 E + 0 4 3 .4 5 E + 0 4 2 .6 8 E + 0 4 2 .1 7 E + 0 4
2 .5 1 E -01 5 .5 1 E + 04 3 .9 0 E + 04 4 .7 7 E + 0 4 3 .6 4 E + 0 4 3 .0 2 E + 0 4
3 .9 8 E -01 7 .9 5 E + 04 5 .7 0 E + 04 6 .4 6 E + 0 4 5 .0 0 E + 0 4 4 .3 1 E + 0 4
6 .3 1 E -01 1.14E +05 8 .3 0 E + 04 8 .6 6 E + 04 6 .7 9 E + 0 4 6 .1 1 E + 0 4
1 .0 0 E + 00 1.63E +05 1.19E +05 1.16E +05 9 .2 0 E + 0 4 8 .5 2 E + 0 4
1 .5 8 E + 00 2 .3 0 E + 05 1.70E +05 1.55E +05 1 .24E + 05 1 .1 9 E + 05
2 .5 1 E + 0 0 3 .2 0 E + 05 2 .4 0 E + 05 2 .0 7 E + 05 1 .67E + 05 1 .66E + 05
3 .9 8 E + 0 0 4 .4 1 E + 05 3 .38E + 05 2 .7 4 E + 05 2 .2 4 E + 0 5 2 .2 9 E + 0 5
6 .3 1 E + 0 0 5 .96E + 05 4 .6 7 E + 05 3 .6 0 E + 05 2 .9 9 E + 0 5 3 .1 5 E + 0 5
1.00E +01 7 .88E + 05 6 .26E + 05 4 .6 7 E + 05 3 .9 5 E + 0 5 4 .2 7 E + 0 5
1.58E +01 1 .01E + 06 8 .15E + 05 5 .95E + 05 5 .1 2 E + 0 5 5 .6 6 E + 0 5
2 .5 1 E + 01 1 .27E + 06 1.04E +06 7 .5 4 E + 05 6 .5 2 E + 0 5 7 .3 7 E + 0 5
3 .9 8 E + 01 1 .55E +06 1 .29E + 06 9 .45E + 05 8 .1 7 E + 05 9 .3 8 E + 0 5
6 .3 1 E + 01 1 .84E + 06 1 .56E +06 1 .16E + 06 1 .01E + 06 1 .1 7 E + 0 6
1 .0 0 E + 02 2 .1 3 E + 0 6 1.85E +06 1 .41E + 06 1 .23E + 06 1 .4 4 E + 0 6
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5) The storage modulus of H5840B HDPE as a function of frequency
(transducer 2 and 25-mm cone diameter) at strain amplitude equal to 10
and at various temperatures (Figure 4.5)

Frequency
(rad/s)

G' (dyn/cnr)
128 T 160 uc 180 uc 190 uc 200 uc

1.00E-01 6.94E+02 4.20E+02 6.43E+02 5.01E+02 3.02E+02
1.58E-01 2.36E+03 6.21E+02 1.26E+03 1.38E+03 6.14E+02
2.51E-01 4.53E+03 1.28E+03 1.55E+03 1.58E+03 1.15E+03
3.98E-01 7.11E+03 2.27E+03 2.43E+03 2.75E+03 1.96E+03
6.31E-01 1.28E+04 4.08E+03 4.09E+03 4.14E+03 3.26E+03
1.00E+00 2.12E+04 7.21E+03 6.55E+03 6.60E+03 5.37E+03
1.58E+00 3.82E+04 1.25E+04 1.04E+04 1.03E+04 8.83E+03
2.51E+00 6.32E+04 2.15E+04 1.65E+04 1.60E+04 1.43E+04
3.98E+00 1.03E+05 3.67E+04 2.63E+04 2.55E+04 2.30E+04
6.31E+00 1.67E+05 6.26E+04 4.13E+04 3.97E+04 3.69E+04
1.00E+01 2.65E+05 1.08E+05 6.43E+04 6.16E+04 5.95E+04
1.58E+01 4.16E+05 1.73E+05 9.98E+04 9.52E+04 9.45E+04
2.51E+01 6.60E+05 2.66E+05 1.53E+05 1.46E+05 1.44E+05
3.98E+01 9.84E+05 4.00E+05 2.30E+05 2.21E+05 2.14E+05
6.31E+01 1.41E+06 5.87E+05 3.52E+05 3.40E+05 3.14E+05
1.00E+02 1.97E+06 8.46E+05 5.33E+05 5.25E+05 4.54E+05
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6 ) The loss modulus of HDPE as a function of frequency (transducer 2 and
25-mm cone diameter) at strain amplitude equal to 10 and at various
temperatures (Figure 4.6)

Frequency
(rad/s)

G" (dyn/cm2)
128 uc 160 uc 180 uc 190 uc 200  uc

1.00E -01 1 .21E + 04 4 .4 0 E + 03 3 .3 6 E + 03 3 .3 3 E + 03 2 .7 1 E + 0 3
1.58E -01 1 .72E + 04 6 .7 0 E + 03 4 .6 6 E + 03 4 .9 1 E + 03 4 .1 9 E + 0 3
2 .5 1 E -01 2 .6 6 E + 0 4 1 .02E + 04 6 .9 8 E + 03 7 .3 2 E + 03 6 .3 0 E + 03
3 .98E -01 4 .0 6 E + 0 4 1 .56E + 04 1 .11E + 04 1 .08E + 04 9 .5 1 E + 0 3
6 .3 1 E -01 6 .0 0 E + 0 4 2 .3 5 E + 0 4 1 .65E + 04 1 .59E + 04 1 .42E + 04
1 .0 0 E + 00 8 .9 4 E + 04 3 .5 3 E + 0 4 2 .4 1 E + 0 4 2 .3 6 E + 0 4 2 .0 9 E + 0 4
1 .5 8 E + 00 1 .31E + 05 5 .29E + 04 3 .5 4 E + 0 4 3 .4 5 E + 0 4 3 .0 7 E + 0 4
2 .5 1 E + 0 0 1.89E +05 7 .8 3 E + 0 4 5 .1 4 E + 0 4 5 .0 0 E + 0 4 4 .4 6 E + 0 4
3 .9 8 E + 0 0 2 .6 9 E + 0 5 1.15E +05 7 .3 6 E + 0 4 7 .1 6 E + 0 4 6 .4 5 E + 0 4
6 .3 1 E + 0 0 3 .7 7 E + 05 1.68E +05 1.05E +05 1.02E +05 9 .2 8 E + 0 4
1.00E +01 5 .2 2 E + 05 2 .4 5 E + 0 5 1.47E +05 1 .44E + 05 1 .33E + 05
1.58E +01 7 .1 2 E + 05 3 .4 5 E + 05 2 .0 4 E + 0 5 2 .0 0 E + 05 1 .90E + 05
2 .5 1 E + 01 9 .6 3 E + 0 5 4 .7 3 E + 0 5 2 .7 8 E + 0 5 2 .7 6 E + 0 5 2 .6 4 E + 0 5
3 .9 8 E + 01 1.26E +05 6 .3 0 E + 05 3 .7 6 E + 05 3 .7 4 E + 05 3 .6 0 E + 0 5
6 .3 1 E + 01 1 .60E + 05 8 .2 3 E + 05 5 .0 5 E + 05 5 .0 6 E + 05 4 .8 3 E + 0 5
1 .00E + 02 1 .99E + 05 1.05E +05 6 .6 9 E + 05 6 .7 8 E + 0 5 6 .3 7 E + 0 5
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7) The storage modulus of H5818J HDPE as a function of frequency
(transducer 2 and 25-mm cone diameter) at strain amplitude equal to 10
and at various temperatures (Figure 4.7)

Frequency
(rad/s)

G' (dyn/cm2)
140 uc 150 uc 160 uc 180 uc 200  uc

1.00E -01 1.51E +02 1.12E +02 8.74E +01 1 .48E + 02 7 .8 7 E + 01
1.58E -01 2 .4 6 E + 0 2 1.89E +02 2 .3 6 E + 0 2 1 .03E + 02 8 .37E + 01
2 .51E -01 3 .6 7 E + 02 3 .2 8 E + 02 3 .2 3 E + 02 2 .2 1 E + 0 2 1 .90E + 02
3 .98E -01 6 .2 4 E + 02 5 .86E + 02 5 .0 3 E + 02 3 .8 4 E + 0 2 3 .0 8 E + 0 2
6 .31E -01 1.04E +03 9 .2 1 E + 02 9 .0 0 E + 02 6 .5 7 E + 0 2 5 .3 3 E + 0 2
1 .0 0 E + 00 1.74E +03 1.60E +03 1.58E +03 1 .09E + 03 8 .9 0 E + 0 2
1 .58E + 00 2 .9 7 E + 03 2 .69E + 03 2 .6 1 E + 03 1 .88E + 03 1 .51E + 03
2 .5 1 E + 0 0 4 .9 7 E + 03 4 .5 1 E + 03 4 .4 0 E + 03 3 .1 5 E + 03 2 .5 0 E + 0 3
3 .9 8 E + 0 0 8 .24E + 03 7 .52E + 03 7 .3 5 E + 03 5 .2 9 E + 03 4 .1 7 E + 0 3
6 .3 1 E + 0 0 1 .37E + 04 1.25E +04 1.24E +04 8 .8 6 E + 03 6 .9 7 E + 0 3
1.00E +01 2 .3 7 E + 0 4 2 .0 9 E + 04 2 .1 8 E + 0 4 1 .51E + 04 1 .19E + 04
1.58E +01 4 .3 8 E + 0 4 3 .7 6 E + 04 3 .9 9 E + 04 2 .7 6 E + 0 4 2 .1 2 E + 0 4
2 .5 1 E + 01 7 .4 9 E + 04 6 .8 4 E + 04 6 .5 8 E + 0 4 4 .9 1 E + 0 4 3 .7 5 E + 0 4
3 .9 8 E + 01 1.16E +05 1.07E +05 1.03E +05 7 .8 2 E + 0 4 6 .0 7 E + 0 4
6 .3 1 E + 01 1.74E +05 1.63E +05 1.57E +05 1 .21E + 05 9 .4 2 E + 0 4
1 .00E + 02 2 .5 9 E + 05 2 .4 3 E + 05 2 .3 7 E + 05 1 .85E + 05 1 .44E + 05
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8 ) The loss modulus of H5818J HDPE as a function of frequency (transducer
2 and 25-mm cone diameter) at strain amplitude equal to 10 and at various
temperatures (Figure 4.8)

Frequency
(rad/s)

G" (dyn/cm2)
140 uc 150 T 160 uc 180 T 200 uc

1.00E -01 1.09E +03 1.04E +03 1.06E +03 8 .3 6 E + 0 2 6 .3 0 E + 0 2
1.58E -01 1.66E +03 1.57E +03 1.60E +03 1 .25E +03 9 .8 2 E + 0 2
2 .51E -01 2 .56E + 03 2 .43E + 03 2 .4 4 E + 03 1 .88E +03 1 .50E + 03
3 .98E -01 3 .87E + 03 3 .69E + 03 3 .8 0 E + 03 2 .9 2 E + 0 3 2 .2 9 E + 0 3
6 .31E -01 5 .89E + 03 5 .57E + 03 5 .7 1 E + 03 4 .4 0 E + 0 3 3 .5 1 E + 0 3
1 .00E + 00 8 .83E + 03 8 .41E + 03 8 .67E + 03 6 .6 6 E + 0 3 5 .2 9 E + 03
1 .5 8 E + 00 1 .32E + 04 1.26E +04 1 .30E + 04 1 .01E + 04 8 .0 3 E + 03
2 .5 1 E + 0 0 1 .97E + 04 1.88E +04 1 .95E + 04 1 .51E + 04 1 .21E + 04
3 .9 8 E + 0 0 2 .9 2 E + 04 2 .8 0 E + 04 2 .9 0 E + 0 4 2 .2 6 E + 0 4 1 .80E + 04
6 .3 1 E + 0 0 4 .3 3 E + 0 4 4 .1 5 E + 0 4 4 .3 3 E + 0 4 3 .3 7 E + 0 4 2 .6 8 E + 0 4
1.00E +01 6 .4 9 E + 04 6 .1 5 E + 04 6 .5 4 E + 0 4 5 .0 4 E + 0 4 4 .0 3 E + 0 4
1.58E +01 9 .9 4 E + 04 9 .3 3 E + 04 9 .9 8 E + 0 4 7 .6 8 E + 0 4 6 .1 2 E + 0 4
2 .5 1 E + 01 1.48E +05 1.42E +05 1.47E +05 1 .16E + 05 9 .2 4 E + 0 4
3 .9 8 E + 01 2 .0 8 E + 05 2 .0 2 E + 05 2 .1 0 E + 0 5 1 .68E + 05 1 .34E + 05
6 .3 1 E + 01 2 .8 6 E + 05 2 .8 0 E + 05 2 .9 2 E + 0 5 2 .3 8 E + 0 5 1 .90E + 05
1 .00E + 02 3 .88E + 05 3 .81E + 05 4 .0 1 E + 0 5 3 .3 1 E + 0 5 2 .6 6 E + 0 5
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9) Horizontal shift factor, aT, and vertical shift factor, bT, as a function of
temperature of H5604F HDPE at the reference temperature of 160 °c

Temperature ( C) 3y by
160 1.00 1.00
180 0.57 0.87
190 0.53 0.68
200 0.31 0.66

10) Horizontal shift factor, aT, and vertical shift factor, bT, as a function of 
temperature of H5604F HDPE at the reference temperature of 180 °c

Temperature (°C) ay by
160 1.76 1.15
180 1.00 1.00
190 0.94 0.78
200 0.55 0.75

11) Horizontal shift factor, aT, and vertical shift factor, bT, as a function of 
temperature of H5604F HDPE at the reference temperature of 200 °c

Temperature (ÙC) ay by
160 3.22 1.52
180 1.83 1.33
190 1.71 1.04
200 1.00 1.00
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12) Horizontal shift factor, aT, and vertical shift factor, bT, as a function of
temperature of H5690S HDPE at the reference temperature of 180 °c

Temperature (°C) aT bT
140 4.84 1.93
160 3.88 2.20
180 1.00 1.00
190 0.29 0.17
200 0.19 0.19

13) Horizontal shift factor, aT, and vertical shift factor, bT, as a function of 
temperature of H5840B HDPE at the reference temperature of 160 °c

Temperature (°C) af by
140 1.44 0.41
160 1.00 1.00
180 0.96 0.44
190 0.94 0.77
200 0.88 0.77

14) Horizontal shift factor, aT, and vertical shift factor, bT, as a function of 
temperature of H5840B HDPE at the reference temperature of 180 °c

Temperature (°C) aj bj
140 1.53 0.53
160 1.02 0.57
180 1.00 1.00
190 0.93 1.00
200 1.07 1.30
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15) Horizontal shift factor, aT, and vertical shift factor, by, as a function of
temperature of H5840B HDPE at the reference temperature of 200 °c

Temperature (°C) aT bj
140 1.44 0.41
160 0.96 0.44
180 0.94 0.77
190 0.88 0.77
200 1.00 1.00

16) Horizontal shift factor, aT, and vertical shift factor, bT, as a function of 
temperature of H5818J HDPE at the reference temperature of 180 °c

Temperature ( C) aT bj
140 2.35 1.46
150 1.81 1.25
160 1.40 0.99
180 1.00 1.00
200 0.96 1.26
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17)Master curve of H5604F HDPE at the reference temperature of 160 °c
(Figure 4.9)

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

1.00E-01 3.32E+04 5.24E+04
1.58E-01 4.98E+04 7.13E+04
1.82E-01 6.34E+04 7.79E+04
1.95E-01 7.82E+04 8.30E+04
2.51E-01 6.99E+04 9.44E+04
2.89E-01 9.27E+04 1.01E+05
3.09E-01 1.04E+05 1.08E+05
3.98E-01 9.83E+04 1.22E+05
4.58E-01 1.24E+05 1.31E+05
4.89E-01 1.42E+05 1.36E+05
6.31E-01 1.33E+05 1.55E+05
7.26E-01 1.64E+05 1.63E+05
7.76E-01 1.81E+05 1.70E+05
1.00E+00 1.77E+05 1.95E+05
1.15E+00 2.13E+05 2.01E+05
1.23E+00 2.34E+05 2.11E+05
1.58E+00 2.31E+05 2.41E+05
1.82E+00 2.73E+05 2.48E+05
1.95E+00 2.97E+05 2.58E+05
2.51E+00 3.02E+05 2.97E+05
2.89E+00 3.47E+05 3.01E+05
3.09E+00 3.76E+05 3.13E+05
3.98E+00 3.93E+05 3.60E+05

Frequency
(rad/s)

G’
(dyn/cm2)

G"
(dyn/cm2)

1.00E+01 6.36E+05 5.07E+05
1.15E+01 6.85E+05 5.10E+05
1.23E+01 7.21E+05 5.23E+05
1.58E+01 7.95E+05 5.87E+05
1.82E+01 8.44E+05 5.91E+05
1.95E+01 8.83E+05 6.05E+05
2.51E+01 9.81E+05 6.71E+05
2.89E+01 1.03E+06 6.75E+05
3.09E+01 1.07E+06 6.91E+05
3.98E+01 1.20E+06 7.61E+05
4.58E+01 1.25E+06 7.65E+05
4.89E+01 1.29E+06 7.83E+05
6.31E+01 1.45E+06 8.54E+05
7.26E+01 1.49E+06 8.58E+05
7.76E+01 1.53E+06 8.77E+05
1.00E+02 1.74E+06 9.48E+05
1.15E+02 1.77E+06 9.52E+05
1.23E+02 1.82E+06 9.74E+05
1.82E+02 2.09E+06 1.05E+06
1.95E+02 2.14E+06 1.07E+06
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18) Master curve of H5604F HDPE at the reference temperature of 180 °c
(Figure 4.10)

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

3.1 IE-02 2.13E+04 3.37E+04
4.93E-02 3.20E+04 4.58E+04
5.32E-02 3.78E+04 4.65E+04
5.68E-02 4.67E+04 4.96E+04
7.81E-02 4.49E+04 6.07E+04
8.43E-02 5.53E+04 6.02E+04
9.00E-02 6.22E+04 6.46E+04
1.00E-01 6.14E+04 7.36E+04
1.24E-01 6.32E+04 7.81E+04
1.34E-01 7.41E+04 7.80E+04
1.43E-01 8.45E+04 8.15E+04
1.59E-01 7.71E+04 9.95E+04
1.96E-01 8.52E+04 9.98E+04
2.12E-01 9.81E+04 9.72E+04
2.26E-01 1.08E+05 1.01E+05
2.51E-01 1.21E+05 1.25E+05
3.11E-01 1.14E+05 1.26E+05
3.36E-01 1.27E+05 1.20E+05
3.58E-01 1.40E+05 1.26E+05
3.98E-01 1.26E+05 1.05E+05
4.93E-01 1.49E+05 1.55E+05
5.32E-01 1.63E+05 1.48E+05
5.68E-01 1.77E+05 1.54E+05

Frequency
(rad/s)

G'
(dyn/cm2)

G”
(dyn/cm2)

6.31E-01 1.92E+05 1.59E+05
7.81E-01 1.94E+05 1.91E+05
8.43E-01 2.07E+05 1.80E+05
9.00E-01 2.24E+05 1.87E+05
1.00E+00 2.30E+05 2.00E+05
1.24E+00 2.53E+05 2.32E+05
2.51E+00 3.76E+05 2.91E+05
3.11E+00 4.09E+05 3.26E+05
3.36E+00 4.09E+05 3.05E+05
3.58E+00 4.30E+05 3.12E+05
3.98E+00 4.80E+05 3.47E+05
4.93E+00 5.11E+05 3.78E+05
5.32E+00 5.04E+05 3.53E+05
5.68E+00 5.27E+05 3.61E+05
6.31E+00 6.05E+05 4.11E+05
7.81E+00 6.31E+05 4.32E+05
8.43E+00 6.15E+05 4.03E+05
9.00E+00 6.40E+05 4.13E+05
1.00E+01 7.53E+05 4.83E+05
1.24E+01 7.69E+05 4.89E+05
1.34E+01 7.43E+05 4.57E+05
1.43E+01 7.69E+05 4.67E+05
1.58E+01 9.28E+05 5.57E+05
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19) Master curve of H5604F HDPE at the reference temperature of 200 °c
(Figure 4.11)

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

1.00E-01 2.13E+04 3.37E+04
1.59E-01 3.20E+04 4.58E+04
1.71E-01 3.78E+04 4.65E+04
1.83E-01 4.67E+04 4.96E+04
2.51E-01 4.49E+04 6.07E+04
2.71E-01 5.53E+04 6.02E+04
2.89E-01 6.22E+04 6.46E+04
3.22E-01 6.14E+04 7.36E+04
3.98E-01 6.32E+04 7.81E+04
4.30E-01 7.41E+04 7.80E+04
4.59E-01 8.45E+04 8.15E+04
5.10E-01 7.71E+04 9.95E+04
6.31E-01 8.52E+04 9.98E+04
6.81E-01 9.81E+04 9.72E+04
7.27E-01 1.08E+05 1.01E+05
8.08E-01 1.21E+05 1.25E+05
1.00E+00 1.14E+05 1.26E+05
1.08E+00 1.27E+05 1.20E+05
1.15E+00 1.40E+05 1.26E+05
1.28E+00 1.26E+05 1.05E+05
1.58E+00 1.49E+05 1.55E+05
1.71E+00 1.63E+05 1.48E+05
1.83E+00 1.77E+05 1.54E+05
2.03E+00 1.92E+05 1.59E+05

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

2.51E+00 1.94E+05 1.91E+05
2.71E+00 2.07E+05 1.80E+05
2.89E+00 2.24E+05 1.87E+05
3.22E+00 2.30E+05 2.00E+05
3.98E+00 2.53E+05 2.32E+05
7.27E+00 3.49E+05 2.66E+05
8.08E+00 3.76E+05 2.91E+05
1.00E+01 4.09E+05 3.26E+05
1.08E+01 4.09E+05 3.05E+05
1.15E+01 4.30E+05 3.12E+05
1.28E+01 4.80E+05 3.47E+05
1.58E+01 5.11E+05 3.78E+05
1.71E+01 5.04E+05 3.53E+05
1.83E+01 5.27E+05 3.61E+05
2.03E+01 6.05E+05 4.11E+05
7.81E+00 6.31E+05 4.32E+05
8.43E+00 6.15E+05 4.03E+05
9.00E+00 6.40E+05 4.13E+05
1.00E+01 7.53E+05 4.83E+05
1.24E+01 7.69E+05 4.89E+05
1.34E+01 7.43E+05 4.57E+05
1.43E+01 7.69E+05 4.67E+05
1.58E+01 9.28E+05 5.57E+05
1.96E+01 9.31E+05 5.49E+05
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20) Master curve of H5690S HDPE at the reference temperature of 180 °c
(Figure 4.12)

Frequency
(rad/s)

G'
(dyn/cm2)

G”
(dyn/cm2)

7.67E-01 3.60E+04 1.91E+05
7.75E-01 3.64E+04 1.80E+05
9.75E-01 4.43E+04 1.87E+05
1.00E+00 4.27E+04 2.00E+05
1.14E+00 4.98E+04 2.32E+05
1.93E+00 7.67E+04 1.30E+05
1.95E+00 8.45E+04 1.27E+05
2.45E+00 9.01E+04 1.53E+05
2.51E+00 9.11E+04 1.66E+05
2.86E+00 1.14E+05 1.57E+05
3.05E+00 1.09E+05 1.75E+05
3.08E+00 1.23E+05 1.66E+05
3.88E+00 1.27E+05 2.07E+05
3.98E+00 1.34E+05 2.29E+05
4.53E+00 1.64E+05 2.03E+05
4.84E+00 1.54E+05 2.34E+05
4.89E+00 1.75E+05 2.11E+05
6.15E+00 1.80E+05 2.80E+05
6.31E+00 1.97E+05 3.15E+05
7.18E+00 2.29E+05 2.53E+05
7.67E+00 2.17E+05 3.13E+05
7.75E+00 2.42E+05 2.62E+05
9.75E+00 2.56E+05 3.77E+05
1.00E+01 2.85E+05 4.27E+05

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

1.95E-02 8.77E+02 3.37E+04
2.86E-02 1.23E+03 4.58E+04
3.08E-02 1.41E+03 4.65E+04
4.53E-02 1.93E+03 4.96E+04
4.89E-02 2.23E+03 6.07E+04
7.18E-02 3.21E+03 6.02E+04
7.75E-02 3.55E+03 6.46E+04
1.00E-01 6.89E+03 7.36E+04
1.14E-01 5.11E+03 7.81E+04
1.23E-01 5.69E+03 7.80E+04
1.59E-01 9.82E+03 8.15E+04
1.80E-01 8.21E+03 9.95E+04
1.95E-01 9.07E+03 9.98E+04
2.51E-01 1.41E+04 9.72E+04
2.86E-01 1.30E+04 1.01E+05
3.08E-01 1.45E+04 1.25E+05
3.88E-01 1.91E+04 1.26E+05
3.98E-01 2.06E+04 1.20E+05
4.53E-01 2.06E+04 1.26E+05
4.84E-01 2.32E+04 1.05E+05
4.89E-01 2.29E+04 1.55E+05
6.15E-01 3.04E+04 1.48E+05
6.31E-01 2.98E+04 1.54E+05
7.18E-01 3.23E+04 1.59E+05



109

21) Master curve of H5840B HDPE at the reference temperature of 160 °c
(Figure 4.13)

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

8.75E-02 3.93E+02 2.61E+03
9.39E-02 5.17E+02 2.70E+03
9.58E-02 2.01E+02 2.11E+03
1.00E-01 3.02E+02 2.71E+03
1.39E-01 1.08E+03 3.85E+03
1.49E-01 1.01E+03 3.74E+03
1.52E-01 2.97E+02 3.21E+03
1.55E-01 1.98E+02 3.46E+03
1.59E-01 6.14E+02 4.19E+03
2.20E-01 1.24E+03 5.74E+03
2.36E-01 1.25E+03 5.61E+03
2.41E-01 6.13E+02 4.87E+03
2.46E-01 6.72E+02 4.90E+03
2.51E-01 1.15E+03 6.30E+03
3.48E-01 2.16E+03 8.45E+03
3.74E-01 1.96E+03 8.96E+03
3.81E-01 1.09E+03 7.47E+03
3.89E-01 1.29E+03 7.60E+03
3.98E-01 1.96E+03 9.51E+03
5.52E-01 3.25E+03 1.25E+04
5.92E-01 3.28E+03 1.33E+04
6.05E-01 1.95E+03 1.13E+04
6.17E-01 2.03E+03 1.16E+04
6.31E-01 3.26E+03 1.42E+04

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

1.39E+00 8.04E+03 2.70E+04
1.49E+00 8.33E+03 2.84E+04
1.52E+00 5.99E+03 2.53E+04
1.55E+00 6.05E+03 2.55E+04
1.58E+00 8.83E+03 3.07E+04
2.20E+00 1.25E+04 3.92E+04
2.36E+00 1.33E+04 4.13E+04
2.41E+00 1.03E+04 3.75E+04
2.46E+00 1.09E+04 3.73E+04
2.51E+00 1.43E+04 4.46E+04
3.48E+00 2.00E+04 5.61E+04
3.74E+00 2.11E+04 5.91E+04
3.81E+00 1.76E+04 5.51E+04
3.89E+00 1.81E+04 5.40E+04
3.98E+00 2.30E+04 6.45E+04
5.52E+00 3.11E+04 7.99E+04
5.92E+00 3.32E+04 8.43E+04
6.04E+00 3.00E+04 8.05E+04
6.17E+00 2.95E+04 7.67E+04
6.31E+00 3.69E+04 9.28E+04
8.75E+00 4.82E+04 1.13E+05
9.39E+00 5.17E+04 1.18E+05
9.58E+00 5.16E+04 1.17E+05
9.78E+00 4.75E+04 1.08E+05
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22) Master curve of H5840B HDPE at the reference temperature of 180 °c
(Figure 4.14)

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

Frequency
(rad/s)

G’
(dyn/cm2)

G"
(dyn/cm2)

9.32E-02 3.93E+02 2.61E+03 1.48E+00 8.04E+03 2.70E+04
1.00E-01 5.17E+02 2.70E+03 1.58E+00 8.33E+03 2.84E+04
1.02E-01 2.01E+02 2.11E+03 1.62E+00 5.99E+03 2.53E+04
1.07E-01 3.02E+02 2.71E+03 1.65E+00 6.05E+03 2.55E+04
1.48E-01 1.08E+03 3.85E+03 1.69E+00 8.83E+03 3.07E+04
1.59E-01 1.01E+03 3.74E+03 2.34E+00 1.25E+04 3.92E+04
1.62E-01 2.97E+02 3.21E+03 2.51E+00 1.33E+04 4.13E+04
1.65E-01 1.98E+02 3.46E+03 2.56E+00 1.03E+04 3.75E+04
1.69E-01 6.14E+02 4.19E+03 2.62E+00 1.09E+04 3.73E+04
2.34E-01 1.24E+03 5.74E+03 2.68E+00 1.43E+04 4.46E+04
2.51E-01 1.25E+03 5.61E+03 3.71E+00 2.00E+04 5.61E+04
2.56E-01 6.13E+02 4.87E+03 3.98E+00 2.11E+04 5.91E+04
2.62E-01 6.72E+02 4.90E+03 4.06E+00 1.76E+04 5.51E+04
2.68E-01 1.15E+03 6.30E+03 4.15E+00 1.81E+04 5.40E+04
3.71E-01 2.16E+03 8.45E+03 4.24E+00 2.30E+04 6.45E+04
3.98E-01 1.96E+03 8.96E+03 5.88E+00 3.11E+04 7.99E+04
4.06E-01 1.09E+03 7.47E+03 6.31E+00 3.32E+04 8.43E+04
4.15E-01 1.29E+03 7.60E+03 6.44E+00 3.00E+04 8.05E+04
4.24E-01 1.96E+03 9.51E+03 6.58E+00 2.95E+04 7.67E+04
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23) Master curve of H5840B HDPE at the reference temperature of 200 °c
(Figure 4.15)

Frequency
(rad/s)

G1
(dyn/cm2)

G”
(dyn/cm2)

8.75E-02 3.93E+02 2.61E+03
9.39E-02 5.17E+02 2.70E+03
9.58E-02 2.01E+02 2.11E+03
1.00E-01 3.02E+02 2.71E+03
1.39E-01 1.08E+03 3.85E+03
1.49E-01 1.01E+03 3.74E+03
1.52E-01 2.97E+02 3.21E+03
1.55E-01 1.98E+02 3.46E+03
1.59E-01 6.14E+02 4.19E+03
2.20E-01 1.24E+03 5.74E+03
2.36E-01 1.25E+03 5.61E+03
2.41E-01 6.13E+02 4.87E+03
2.46E-01 6.72E+02 4.90E+03
2.51E-01 1.15E+03 6.30E+03
3.48E-01 2.16E+03 8.45E+03
3.74E-01 1.96E+03 8.96E+03
3.81E-01 1.09E+03 7.47E+03
3.89E-01 1.29E+03 7.60E+03
3.98E-01 1.96E+03 9.51E+03
5.52E-01 3.25E+03 1.25E+04
5.92E-01 3.28E+03 1.33E+04
6.05E-01 1.95E+03 1.13E+04
6.17E-01 2.03E+03 1.16E+04
6.31E-01 3.26E+03 1.42E+04

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

1.39E+00 8.04E+03 2.70E+04
1.49E+00 8.33E+03 2.84E+04
1.52E+00 5.99E+03 2.53E+04
1.55E+00 6.05E+03 2.55E+04
1.58E+00 8.83E+03 3.07E+04
2.20E+00 1.25E+04 3.92E+04
2.36E+00 1.33E+04 4.13E+04
2.41E+00 1.03E+04 3.75E+04
2.46E+00 1.09E+04 3.73E+04
2.51E+00 1.43E+04 4.46E+04
3.48E+00 2.00E+04 5.61E+04
3.74E+00 2.11E+04 5.91E+04
3.81E+00 1.76E+04 5.51E+04
3.89E+00 1.81E+04 5.40E+04
3.98E+00 2.30E+04 6.45E+04
5.52E+00 3.11E+04 7.99E+04
5.92E+00 3.32E+04 8.43E+04
6.04E+00 3.00E+04 8.05E+04
6.17E+00 2.95E+04 7.67E+04
6.31E+00 3.69E+04 9.28E+04
8.75E+00 4.82E+04 1.13E+05
9.39E+00 5.17E+04 1.18E+05
9.58E+00 5.16E+04 1.17E+05
9.78E+00 4.75E+04 1.08E+05
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24) Master curve of H5818J HDPE at the reference temperature of 180 °c
(Figure 4.16)

Frequency
(rad/s)

G'
(dyn/cm2)

G"
(dyn/cm2)

1.66E+00 1.56E+03 8.35E+03
1.89E+00 1.78E+03 9.36E+03
2.31E+00 2.25E+03 1.12E+04
2.46E+00 2.31E+03 1.17E+04
2.51E+00 2.50E+03 1.21E+04
2.63E+00 2.61E+03 1.25E+04
3.00E+00 2.99E+03 1.40E+04
3.67E+00 3.79E+03 1.68E+04
3.90E+00 3.94E+03 1.76E+04
3.98E+00 4.17E+03 1.80E+04
4.17E+00 4.38E+03 1.87E+04
4.76E+00 5.02E+03 2.10E+04
5.81E+00 6.33E+03 2.50E+04
6.19E+00 6.60E+03 2.62E+04
6.31E+00 6.97E+03 2.68E+04
6.60E+00 7.34E+03 2.79E+04
7.54E+00 8.37E+03 3.11E+04
9.21E+00 1.07E+04 3.73E+04
9.81E+00 1.10E+04 3.89E+04
1.00E+01 1.19E+04 4.03E+04
1.05E+01 1.25E+04 4.17E+04
1.20E+01 1.39E+04 4.61E+04
1.46E+01 1.87E+04 5.63E+04
1.55E+01 1.82E+04 5.76E+04

Frequency
(rad/s)

G'
(dyn/cm2)

G”
(dyn/cm2)

1.00E-01 7.87E+01 6.30E+02
1.05E-01 1.22E+02 6.93E+02
1.46E-01 7.53E+01 9.16E+02
1.59E-01 8.37E+01 9.82E+02
1.66E-01 8.55E+01 1.03E+03
1.90E-01 1.25E+02 1.16E+03
2.31E-01 2.03E+02 1.38E+03
2.46E-01 2.01E+02 1.45E+03
2.51E-01 1.90E+02 1.50E+03
2.63E-01 1.83E+02 1.56E+03
3.00E-01 2.11E+02 1.75E+03
3.67E-01 2.78E+02 2.10E+03
3.91E-01 3.27E+02 2.21E+03
3.98E-01 3.08E+02 2.29E+03
4.17E-01 3.18E+02 2.42E+03
4.76E-01 3.64E+02 2.70E+03
5.81E-01 4.33E+02 3.27E+03
6.19E-01 4.88E+02 3.40E+03
6.31E-01 5.33E+02 3.51E+03
6.60E-01 5.44E+02 3.64E+03
7.54E-01 6.52E+02 4.11E+03
9.21E-01 7.76E+02 4.91E+03
9.81E-01 8.29E+02 5.14E+03
1.00E+00 8.90E+02 5.29E+03
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B.2 Apparent Flow Curve
Capillary die no.1860: diameter 1.25 mm, length 50.19 mm, lc/dc 40.15

25) The apparent flow curve of four different HDPE (H5604F, H5840B, 
H5818J and H5690S) melts at the temperature of 180 °c (Figure 4.21) 

H5604F HDPE ะ

Yap (ร'1)
1 st 1 T

(dyn/cm2)
/->nd2 Tw

(dyn/cm2)
Avg. Std.

0 .25 1 .65E + 05 1 .77E + 05 1 .71E + 05 8 .7 8 E + 03
0.5 2 .3 6 E + 0 5 2 .4 1 E + 0 5 2 .3 8 E + 05 3 .5 1 E + 03

0 .75 3 .0 5 E + 05 2 .8 2 E + 0 5 2 .9 3 E + 05 1 .63E + 04
1 3 .5 1 E + 0 5 3 .2 8 E + 0 5 3 .3 9 E + 05 1 .62E + 04

2 .5 5 .7 7 E + 05 5 .6 5 E + 05 5 .7 1 E + 05 8 .7 8 E + 03
5 7 .7 1 E + 0 5 7 .4 0 E + 05 7 .5 6 E + 05 2 .2 1 E + 0 4
10 1 .01E + 06 9 .7 7 E + 05 9 .9 2 E + 05 2 .1 9 E + 0 4
12 1 .06E + 06 1 .08E + 06 1 .07E + 06 1 .41E + 04
15 1 .16E + 06 1 .17E + 06 1 .17E + 06 7 .0 7 E + 03
20 1.34 E + 0 6 1 .37E + 06 1 .36E + 06 2 .1 2 E + 0 4
25 1 .42E + 06 1 .40E + 06 1 .41E + 06 1 .53E + 04
30 1 .49E + 06 1 .48E + 06 1 .49E + 06 7 .0 7 E + 03
40 1 .65E + 06 1 .63E + 06 1 .64E + 06 1 .41E + 04
50 1 .80E + 06 1 .77E + 06 1 .79E + 06 2 .1 2 E + 0 4
80 2 .0 3 E + 0 6 2 .0 3 E + 0 6 2 .0 3 E + 0 6 0 .0 0 E + 0 0
100 2 .1 7 E + 0 6 2 .2 0 E + 0 6 2 .1 9 E + 0 6 2 .1 2 E + 0 4
150 2 .3 7 E + 0 6 2 .3 9 E + 0 6 2 .3 8 E + 0 6 1 .41E + 04
2 0 0 2 .6 5 E + 0 6 2 .7 1 E + 0 6 2 .6 8 E + 0 6 4 .2 4 E + 0 4
3 4 0 2 .9 3 E + 0 6 2 .8 9 E + 0 6 2 .9 1 E + 0 6 2 .8 3 E + 0 4
560 2 .7 5 E + 0 6 2 .8 6 E + 0 6 2 .8 1 E + 0 6 7 .7 8 E + 0 4
7 0 0 3 .1 7 E + 0 6 3 .3 0 E + 0 6 3 .2 4 E + 0 6 9 .1 9 E + 0 4
800 3 .3 7 E + 0 6 3 .0 3 E + 0 6 3 .2 0 E + 0 6 2 .4 0 E + 0 5
1000 4 .0 2 E + 0 6 3 .4 3 E + 0 6 3 .7 3 E + 0 6 4 .1 7 E + 0 5
1500 3 .6 3 E + 0 6 4 .1 5 E + 0 6 3 .8 9 E + 0 6 3 .6 8 E + 0 5
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H5840B HDPE ะ

Tap (ร )
1 St

T w(dyn/cm2)
->nd
2 T%  (dyn/cm2)

Avg. Std.

1 3.54E+04 3.64E+04 3.59E+04 7.07E+02
2.5 6.30E+04 6.27E+04 6.29E+04 2.12E+02
5 1.13E+05 1.11E+05 1.12E+05 1.41E+03

7.5 1.48E+05 1.51E+05 1.49E+05 2.12E+03
10 1.82E+05 1.80E+05 ไ. 81E+05 1.41E+03
15 2.43E+05 2.40E+05 2.42E+05 2.12E+03
22 3.19E+05 3.21E+05 3.20E+05 1.41E+03
30 3.92E+05 3.93E+05 3.93E+05 7.07E+02
50 5.97E+05 5.80E+05 5.88E+05 1.24E+04
80 7.69E+05 8.25E+05 7.97E+05 4.01E+04
100 9.06E+05 9.64E+05 9.35E+05 4.12E+04
200 1.28E+06 1.26E+06 1.27E+06 1.24E+04
300 1.55E+00 1.58E+06 7.90E+05 1.12E+06
400 1.75E+06 1.76E+06 1.75E+06 5.49E+03
500 1.93E+06 1.92E+06 1.93E+06 8.72E+03
700 2.03E+06 2.18E+06 2.10E+06 1.11E+05
800 2.18E+06 2.17E+06 2.17E+06 2.95E+03
900 2.18E+06 2.28E+06 2.23E+06 6.85E+04
1000 2.37E+06 2.49E+06 2.43E+06 9.09E+04
1500 2.59E+06 2.68E+06 2.64E+06 5.78E+04
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H5818J HDPE ะ

Yap (ร )
1 St1 T, 

(dyn/cm2)
-าทd 
2(dyn/cm2)

Avg. Std.

1 1.11E+04 1.07E+04 1.09E+04 3.03E+02
2.5 2.20E+04 2.33E+04 2.27E+04 9.08E+02
5 3.74E+04 3.71E+04 3.73E+04 2.42E+02

7.5 4.92E+04 4.83E+04 4.88E+04 6.66E+02
10 6.43E+04 5.95E+04 6.19E+04 3.39E+03
15 8.20E+04 8.36E+04 8.28E+04 1.09E+03
20 1.06E+05 1.03E+05 1.05E+05 1.82E+03
30 1.43E+05 1.46E+05 1.44E+05 1.82E+03
50 2.12E+05 2.13E+05 2.12E+05 4.85E+02
80 3.01E+05 3.03E+05 3.02E+05 1.21E+03
100 3.53E+05 3.53E+05 3.53E+05 0.00E+00
150 4.81E+05 4.90E+05 4.86E+05 6.24E+03
200 5.54E+05 5.91E+05 5.73E+05 2.62E+04
300 7.34E+05 7.30E+05 7.32E+05 2.91E+03
400 8.71E+05 8.73E+05 8.72E+05 1.57E+03
500 1.00E+06 9.99E+05 1.00E+06 1.76E+03
800 1.32E+06 1.31E+06 1.32E+06 9.87E+03
1000 1.48E+06 1.49E+06 1.48E+06 4.72E+03
1500 1.81E+06 1.82E+06 1.81E+06 8.48E+03



H5690S HDPE ะ

Yapp (ร'1)
1 st1 โพ

(dyn/cm2)
ond
2 T%  (dyn/cm2)

Avg. Std.

0.5 3.65E+04 4.74E+04 4.20E+04 7.75E+03
0.75 6.76E+04 7.98E+04 7.37E+04 8.66E+03

1 1.03E+05 1.02E+05 1.03E+05 7.87E+02
2.5 2.12E+05 2.12E+05 2.12E+05 4.84E+02
5 3.58E+05 3.88E+05 3.73E+05 2.16E+04

7.5 4.84E+05 4.88E+05 4.86E+05 2.73E+03
10 5.87E+05 5.94E+05 5.91E+05 4.91E+03
15 7.71E+05 7.79E+05 7.75E+05 5.33E+03
20 9.22E+05 9.42E+05 9.32E+05 1.37E+04
30 1.19E+06 1.21E+06 1.20E+06 1.85E+04
50 1.61E+06 1.65E+06 1.63E+06 2.88E+04
80 2.06E+06 2.15E+06 2.10E+06 6.21E+04
100 2.30E+06 2.41E+06 2.36E+06 8.39E+04
150 2.77E+06 2.79E+06 2.78E+06 1.04E+04
200 3.10E+06 3.12E+06 3.11E+06 1.13E+04
1000 2.73E+06 2.78E+06 2.75E+06 3.46E+04
1500 2.94E+06 2.95E+06 2.94E+06 6.30E+03
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26) The apparent flow curve of H5604F HDPE at the different temperatures 
(Figure 4.22)

At 160 °c

Yapp (ร',)
1 st1 Tพ

(dyn/cm2)
<->nd 2 Xพ

(dyn/cm2)
Avg. Std.

0.75 3.01E+05 3.24E+05 3.13E+05 1.68E+04
1 4.33E+05 4.08E+05 4.21E+05 1.74E+04

2.5 6.48E+05 6.59E+05 6.54E+05 8.11E+03
5 8.65E+05 8.98E+05 8.82E+05 2.33E+04

7.5 1.02E+06 1.03E+06 1.03E+06 6.00E+03
10 1.14E+06 1.13E+06 1.13E+06 7.63E+03
15 1.36E+06 1.27E+06 1.31E+06 6.04E+04
20 1.46E+06 1.39E+06 1.42E+06 4.86E+04
30 1.67E+06 1.67E+06 1.67E+06 1.21E+03
50 1.94E+06 1.92E+06 1.93E+06 1.42E+04
80 2.15E+06 2.12E+06 2.14E+06 2.14E+04
100 2.36E+06 2.32E+06 2.34E+06 2.34E+04
300 1.90E+06 2.12E+06 2.01E+06 1.53E+05
400 2.43E+06 2.31E+06 2.37E+06 8.46E+04
500 2.64E+06 3.07E+06 2.86E+06 3.04E+05
800 3.49E+06 3.65E+06 3.57E+06 1.15E+05
1000 3.80E+06 3.97E+06 3.88E+06 1.18E+05
1500 4.81E+06 4.34E+06 4.58E+06 3.33E+05
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At 200 °c

Tap (ร )
1 st1 Tพ

(dyn/cm2)
ond 2 Xพ

(dyn/cm2)
Avg. Std.

0.5 1.96E+05 2.19E+05 2.07E+05 1.64E+04
0.75 2.22E+05 2.58E+05 2.40E+05 2.51E+04

1 3.46E+05 2.99E+05 3.23E+05 3.35E+04
2.5 5.23E+05 4.86E+05 5.04E+05 2.61E+04
5 6.92E+05 6.66E+05 6.79E+05 1.81E+04

7.5 8.07E+05 7.78E+05 7.92E+05 2.07E+04
10 8.97E+05 8.63E+05 8.80E+05 2.41E+04
15 9.92E+05 1.10E+06 1.05E+06 7.61E+04
20 1.09E+06 1.22E+06 1.16E+06 8.88E+04
30 1.26E+06 1.40E+06 1.33E+06 1.00E+05
50 1.63E+06 1.63E+06 1.63E+06 3.63E+02
80 1.86E+06 1.88E+06 1.87E+06 1.44E+04
100 1.98E+06 2.00E+06 1.99E+06 1.47E+04
150 2.22E+06 2.20E+06 2.21E+06 1.55E+04
200 2.42E+06 2.35E+06 2.39E+06 4.63E+04
300 2.68E+06 2.66E+06 2.67E+06 1.06E+04
400 2.92E+06 2.96E+06 2.94E+06 2.17E+04
500 2.74E+06 3.13E+06 2.93E+06 2.73E+05
800 2.89E+06 3.21E+06 3.05E+06 2.21E+05
1000 2.93E+06 3.18E+06 3.05E+06 1.73E+05
1500 3.28E+06 3.57E+06 3.42E+06 2.02E+05
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27) The apparent flow curve of H5840B HDPE at the different temperatures 
(Figure 4.23)

At 160 °c

Yap (ร'1)
1 st
1 T w  9(dyn/cm2)

า  n d

2  T w 9(dyn/cm2)
Avg. Std.

1 2 .3 6 E + 0 4 2 .1 2 E + 0 4 2 .2 4 E + 0 4 1 .64E + 03
2.5 4 .7 9 E + 0 4 4 .5 7 E + 0 4 4 .6 8 E + 0 4 1 .51E + 03

5 1 .07E + 05 9 .8 8 E + 0 4 1.03E +05 5 .5 7 E + 03
7.5 1 .65E +05 1 .55E +05 1.60E +05 7 .0 9 E + 03
10 2 .1 5 E + 0 5 2 .0 7 E + 05 2 .1 1 E + 0 5 6 .2 4 E + 0 3
15 3 .5 2 E + 05 3 .5 0 E + 05 3 .5 1 E + 05 1 .39E + 03
20 4 .3 2 E + 0 5 4 .3 2 E + 0 5 4 .3 2 E + 0 5 4 .8 4 E + 0 2
30 5 .8 1 E + 05 5 .77E + 05 5 .7 9 E + 05 3 .0 9 E + 0 3
50 8 .2 6 E + 05 8 .27E + 05 8 .26E + 05 7 .2 7 E + 0 2
80 1 .12E + 06 1 .12E + 06 1 .12E + 06 7 .8 8 E + 0 2
100 1 .29E + 06 1 .28E + 06 1 .29E + 06 8 .2 4 E + 03
150 1 .62E + 06 1 .64E + 06 1 .63E + 06 1 .15E + 04
200 1 .87E + 06 1 .88E + 06 1 .88E + 06 3 .9 4 E + 03
3 0 0 2 .2 7 E + 0 6 2 .2 8 E + 0 6 2 .2 8 E + 0 6 4 .6 0 E + 0 3
4 0 0 2 .6 1 E + 0 6 2 .5 9 E + 0 6 2 .6 0 E + 0 6 1 .39E + 04
500 2 .8 4 E + 0 6 2 .8 6 E + 0 6 2 .8 5 E + 0 6 1 .29E + 04
800 3 .3 3 E + 0 6 3 .3 6 E + 0 6 3 .3 5 E + 0 6 2 .5 5 E + 0 4
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At 200 °c

Yapp (ร'1)
1 st T"'(dyn/cm2)

olid
2 T'v (dyn/cm2)

Avg. Std.

0.75 1.34E+04 1.50E+04 1-42E+04 1.15E+03
1 1.87E+04 1.98E+04 1.92E+04 7.87E+02

2.5 3.61E+04 3.72E+04 3.66E+04 7.87E+02
5 6.95E+04 8.48E+04 7.72E+04 1.08E+04

7.5 1.04E+05 1.19E+05 1.12E+05 1.02E+04
10 1.49E+05 1.53E+05 1.51E+05 2.48E+03
15 2.12E+05 2.11E+05 2.11E+05 4.84E+02
20 2.70E+05 2.60E+05 2.65E+05 6.84E+03
30 3.65E+05 3.55E+05 3.60E+05 6.96E+03
50 5.32E+05 5.10E+05 5.21E+05 1.55E+04
80 7.38E+05 7.22E+05 7.30E+05 1.17E+04
100 8.58E+05 8.37E+05 8.47E+05 1.49E+04
150 1.14E+06 1.10E+06 1.12E+06 3.07E+04
200 1.36E+06 1.32E+06 1.34E+06 2.77E+04
300 1.70E+06 1.63E+06 1.66E+06 5.51E+04
400 1.91E+06 1.96E+06 1.94E+06 3.48E+04
500 2.17E+06 2.27E+06 2.22E+06 7.09E+04
800 2.74E+06 2.79E+06 2.77E+06 3.72E+04
1000 3.03E+06 2.99E+06 3.01E+06 3.20E+04
1500 3.28E+06 3.14E+06 3.21E+06 1.02E+05
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28) Step up experiment and step down experiment of H5604F HDPE at the 
temperature of 180 °c (Figure 4.24)

Step up ะ

Yapp ๙ )
1 st T̂  พ,min

(dyn/cm2)
2 n d  ̂พ,min
(dyn/cm2)

1 s t  T พ,max
(dyn/cm2)

2 n d พ,max
(dyn/cm2)

4 2 0 2 .8 5 E + 0 6 2 .8 9 E + 0 6 3 .0 7 E + 0 6 3 .0 8 E + 0 6
4 4 0 2 .8 3 E + 0 6 2 .8 7 E + 06 3 .0 3 E + 0 6 3 .0 8 E + 0 6
4 6 0 2 .8 1 E + 0 6 2 .8 5 E + 0 6 3 .0 6 E + 0 6 3 .0 3 E + 0 6
4 8 0 2 .8 2 E + 0 6 2 .8 7 E + 0 6 3 .0 4 E + 0 6 3 .0 9 E + 0 6

The shear strain rate at the onset

Y app (ร )
 ̂พ ,min

(dyn/cm2)
^ \ v ,m a x

(dyn/cm2)
4 0 0 2 .9 5 E + 0 6 3 .1 2 E + 06
4 1 0 2 .9 1 E + 0 6 3 .0 7 E + 0 6
405 2 .8 9 E + 0 6 3 .0 9 E + 06
4 0 0 2 .8 9 E + 0 6 3 .1 0 E + 06

Avg. 2 .9 1 E + 0 6 3 .0 9 E + 06
Std. 2 .7 3 E + 0 4 1 .68E + 04

The shear strain rate at the terminal

Y app (ร'1)  ̂พ,min
(dyn/cm2)

พ ,  m ax

(dyn/cm2)
4 9 0 2 .8 9 E + 0 6 3 .0 6 E + 0 6
510 2 .9 4 E + 0 6 3 .1 2 E + 0 6
500 2 .9 2 E + 0 6 3 .1 0 E + 0 6
4 9 5 2 .8 8 E + 0 6 3 .0 5 E + 0 6
Avg. 2 .9 1 E + 0 6 3 .0 8 E + 0 6
Std. 2 .6 5 E + 0 4 3 .1 2 E + 04



Step down ะ

ya p p  ( ร  )

1 S t
พ ,  m in

(dyn/cm2)
T
^  พ , m in

(dyn/cm2)
1 S t

พ , m ax

(dyn/cm2)
2 ท (1

^  พ , m a x

(dyn/cm2)
420 2.90E+06 2.84E+06 3.07E+06 3.11E+06
440 2.86E+06 2.81E+06 3.02E+06 3.07E+06
460 2.86E+06 2.80E+06 3.08E+06 3.03E+06
480 2.81E+06 2.85E+06 3.02E+06 3.05E+06

The shear strain rate at the onset

Yap (ร )

พ , m in

(dyn/cm2)
^  พ , m a x

(dyn/cm2)
400 2.93E+06 3.05E+06
410 2.89E+06 3.11E+06
400 2.85E+06 3.10E+06
400 2.88E+06 3.02E+06

Avg. 2.89E+06 3.07E+06
Std. 3.33E+04 4.22E+04

The shear strain rate at the terminal

yapp (ร )
พ , m in

(dyn/cm2)
พ , m ax

(dyn/cm2)
490 2.91E+06 3.09E+06
510 2.85E+06 3.04E+06
500 2.90E+06 3.05E+06
505 2.89E+06 3.14E+06

Avg. 2.89E+06 3.08E+06
Std. 2.74E+04 4.32E+04
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29) The oscillating stress regime of H5604F HDPE at the temperature of 
180 °c (Figure 4.25)

H 5 6 9 0 S  H D P E  ะ

Yapp (ร'')
i S t พ,min

(dyn/cm2)
2 n d  ̂พ,min
(dyn/cm2)

1 St  ̂พ,max
(dyn/cm2)

9 ° d พ,max
(dyn/cm2)

300 2.38E+06 2.36E+06 3.35E+06 3.43E+06
400 2.36E+06 2.42E+06 3.40E+06 3.44E+06
500 2.39E+06 2.41E+06 3.43E+06 3.46E+06
600 2.47E+06 2.42E+06 3.50E+06 3.46E+06
700 2.43E+06 2.49E+06 3.51E+06 3.46E+06
800 2.44E+06 2.50E+06 3.53E+06 3.51E+06
900 2.47E+06 2.48E+06 3.54E+06 3.55E+06

T h e  s h e a r  s t r a in  r a te  a t  th e  o n s e t

Yapp (ร'')
 ̂พ,min

(dyn/cm2)
พ,max

(dyn/cm2)
285 2.37E+06 3.42E+06
275 2.39E+06 3.41E+06
280 2.39E+06 3.38E+06
Avg. 2.38E+06 3.41E+06
Std. 1.26E+04 2.24E+04

T h e  s h e a r  s t r a in  r a te  a t  th e  t e r m in a l

ya p p  ( ร  )

 ̂พ,min
(dyn/cm2)

 ̂พ,max
(dyn/cm2)

1005 2.58E+06 3.62E+06
1005 2.62E+06 3.60E+06
995 2.64E+06 3.61E+06

Avg. 2.61E+06 3.61E+06
Std. 3.03E+04 1.24E+04
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30) The oscillating stress regime of H5604F HDPE at the different
temperatures (Figure 4.26)

At 160 °c  ะ
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A t  200 °c  ะ

y app (ร )
iS t

พ ,  m i n

(dyn/cm2)
2ท(1  ̂พ , m i n

(dyn/cm2)
1 st T พ , m a x

(dyn/cm2)
2ทช  ̂พ,max

(dyn/cm2)
800 3.00E+06 3.02E+06 3.13E+06 3.12E+06
810 2.97E+06 3.00E+06 3.11E+06 3.12E+06
820 2.96E+06 3.00E+06 3.10E+06 3.13E+06
830 2.96E+06 3.00E+06 3.10E+06 3.10E+06
840 2.98E+06 2.99E+06 3.12E+06 3.11E+06

The shear Sttrain rate at the onset

Tapp ( ร ' 1 )
 ̂พ , m i n พ , m a x

(dyn/cm2) (dyn/cm2)
795 2.96E+06 3.17E+06
785 3.03E+06 3.14E+06
790 3.01E+06 3.10E+06

Avg. 3.00E+06 3.13E+06
Std. 3.68E+04 3.65E+04

The shear sitrain rate at the terminal

Y a p p  ( ร ' 1 )
^  พ , m i n พ , m a x

(dyn/cm2) (dyn/cm2)
840 3.02E+06 3.18E+06
845 2.99E+06 3.12E+06
855 3.00E+06 3.10E+06

Avg. 3.01E+06 3.14E+06
Std. 1.37E+04 4.16E+04
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B.3 Wall Slip Determination

31) Slip velocity as a function of shear stress of four different HDPE 
(H5604F, H5840B, H5818J and H5690S) melts at the temperature of 
180 °c (Figure 4.27a-d)

H 5 6 0 4 F  H D P E H 5 8 4 0 B  H D P E H 5 8 1 8 J  H D P E H 5 6 9 0 S  H D P E
T w

(dyn/cm2)
Vs

(mm/s)
T w

(dyn/cm2)
Vs

(mm/s)
T w

(dyn/cm2)
Vs

(mm/s)
T w

(dyn/cm2)
Vs

(mm/s)
1.6E+06 2.7E-01 6.0E+05 5.6E-01 9.8E+05 7.9E+00 1.0E+06 1.6E-01
1.9E+06 5.8E-01 8.0E+05 8.9E-01 1.1E+06 1.1E+01 1.2E+06 2.2E-01
2.4E+06 1.7E+00 1.0E+06 1.4E+00 1.3E+06 1.3E+01 1.4E+06 2.9E-01
2.8E+06 8.9E+00 1.2E+06 2.2E+00 1.3E+06 1.7E+01 1.6E+06 4.1E-01
2.9E+06 1.1E+01 1.5E+06 5.0E+00 1.5E+06 2.6E+01 1.8E+06 7.2E-01
2.9E+06 1.4E+01 2.0E+06 1.4E+01 1.7E+06 7.0E+01 2.0E+06 1.0E+00
3.0E+06 1.7E+01 3.0E+06 3.4E+01 1.9E+06 8.4E+01 2.2E+06 1.5E+00
3.1E+06 2.5E+01 4.0E+06 7.8E+01 2.4E+06 2.1E+00
3.5E+06 3.3E+01 5.0E+06 1.3E+02 2.6E+06 2.5E+00
4.0E+06 4.0E+01 2.8E+06 3.0E+00

3.0E+06 3.5E+00
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32) Slip velocity as a function of shear stress of H5604F HDPE and H5840B 
HDPE at the temperatures of 160 °c and 200 °c (Figure 4.31-4.32)

H 5 6 0 4 F  H D P E  ะ H 5 8 4 0 B  H D P E  ะ
160 °c 200 °C^ 160 °c 2 0 0  °c

Tw(dyn/cm2)
Vs

(mm/s) Tw(dyn/cm2)
Vs

(mm/s)
Tw

(dyn/cm2)
Vs

(mm/s) Tw
(dyn/cm2)

Vs
(mm/s)

1.2E+06 2.0E-01 1.0E+06 2.0E-01 1.2E+06 1.6E+00 8.0E+05 1.7E+00
1.4E+06 3.5E-01 1.2E+06 3.2E-01 1.4E+06 2.1E+00 9.0E+05 2.2E+00
1.6E+06 6.3E-01 1.4E+06 6.1E-01 1.6E+06 3.1E+00 1.0E+06 2.4E+00
1.8E+06 7.9E-01 1.8E+06 1.1E+00 1.8E+06 3.6E+00 1.2E+06 4.8E+00
2.0E+06 1.1E+00 1.9E+06 1.8E+00 2.0E+06 6.2E+00 1.4E+06 7.2E+00
2.2E+06 2.0E+00 2.1E+06 3.4E+00 2.2E+06 8.9E+00 1.6E+06 9.1E+00
2.4E+06 4.1E+00 2.2E+06 5.1E+00 2.4E+06 1.5E+01 1.8E+06 1.4E+01
2.8E+06 9.9E+00 2.4E+06 9.1E+00 2.6E+06 1.8E+01 2.0E+06 1.7E+01
3.0E+06 3.2E+01 2.6E+06 1.3E+01 2.8E+06 2.3E+01 2.5E+06 4.2E+01
3.2E+06 3.9E+01 2.8E+06 2.3E+01 3.0E+06 2.8E+01 3.0E+06 7.9E+01
3.4E+06 4.9E+01 3.1E+06 3.3E+01 3.5E+06 1.5E+02
3.6E+06 6.1E+01 3.2E+06 4.3E+01
3.8E+06 6.6E+01
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33) The extrapolation length as a function of slip velocity of four different 
HDPE (H5604F, H5840B, H5818J and H5690S) melts at the 
temperature of 180 °c (Figure 4.30-31)

H 5 6 0 4 F  H D P E :
v s

(mm/s)
fc>!

(mm)
b2

(mm)
Avg. Std.

3.54E-01 1.46E-02 - - -
6.28E-01 1.58E-02 - - -
7.85E-01 1.40E-02 1.55E-02 1.48E-02 1.03E-03
1.15E+00 1.54E-02 - - -
2.02E+00 1.93E-02 - - -
4.10E+00 3.06E-02 - - -
9.91E+00 5.02E-02 5.01E-02 5.02E-02 5.66E-05
3.16E+01 6.29E-02 - - -
3.90E+01 6.17E-02 5.77E-02 5.97E-02 2.86E-03
4.91E+01 5.85E-02 - - -
6.13E+01 6.28E-02 - - -
6.55E+01 5.72E-02 - - -



H5840B HDPE ะ
v s

(mm/s)
bi

(mm)
๖2

(mm)
Avg. Std.

5.61E-01 2.39E-02 2.84E-02 2.62E-02 3.21E-03
8.88E-01 2.21E-02 - - -
1.44E+00 2.44E-02 - - -
2.18E+00 2.5 IE-02 - - -
5.02E+00 2.87E-02 - - -
1.44E+01 5.29E-02 - - -
3.45E+01 7.10E-02 8.62E-02 7.86E-02 E08E-02
7.80E+01 E19E-01 - - -
1.30E+02 1.46E-01 - - -

H5818J:
v s

(mm/s)
b|

(mm)
b2

(mm)
Std. Std.

5.88E+00 2.25E-02 - - -
9.68E+00 2.50E-02 2.32E-02 2.41E-03 E25E-03
1.27E+01 2.40E-02 - - -
E71E+01 2.60E-02 - - -
2.64E+01 3.65E-02 3.43E-02 3.54E-03 E53E-03
6.96E+01 7.97E-02 - - -
8.40E+01 9.31E-02 - - -
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H5690S HDPE ะ
v s

(mm/s)
b]

(mm)
b2

(mm)
Avg. Std.

1.63E-01 7.90E-03 - - -
2.21E-01 7.90E-03 8.20E-03 8.15E-03 2.12E-04
2.93E-01 7.90E-03 - - -
4.06E-01 9.03E-03 - - -
7.17E-01 1.21E-02 - - -
1.00E+00 1.46E-02 1.49E-02 1.47E-02 9.26E-03
1.48E+00 1.75E-02 - - -
2.11E+00 2.20E-02 - - -
2.54E+00 2.20E-02 - - -
2.99E+00 2.20E-02 - - -
3.53E+00 2.23E-02 - - -

34) The extrapolation length as a function of slip velocity for H5604F 
HDPE at the different temperatures (Figure 4.39)

At 160 °c
v s

(mm/s)
b|

(mm)
b2

(mm)
Avg. Std.

2.65E-01 1.39E-02 1.35E-02 1.37E-02 2.62E-04
5.76E-01 1.40E-02 - - -
1.66E+00 1.59E-02 - - -
8.91E+00 4.40E-02 4.42E-02 4.41E-02 1.34E-04
1.25E+01 5.72E-02 - - -
1.38E+01 5.79E-02 - - -
1.70E+01 6.39E-02 6.34E-02 6.37E-02 2.97E-04
2.55E+01 6.80E-02 - - -
3.34E+01 6.46E-02 - - -
3.84E+01 6.56E-02 - - -
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At 200 °c
v s

(mm/s)
bi

(mm)
๖2

(mm)
Avg. Std.

2.01E-01 1.41E-02 - - -
3.17E-01 1.31E-02 1.37E-02 1.34E-02 4.24E-04
6.07E-01 1.45E-02 - - -
1.11E+00 1.59E-02 - - -
1.77E+00 1.99E-02 - - -
3.41E+00 3.21E-02 3.22E-02 3.21E-02 9.19E-05
5.12E+00 3.87E-02 - - -
9.12E+00 4.60E-02 - - -
1.23E+01 5.68E-02 - - -
2.41E+01 5.36E-02 - - -
4.18E+01 5.68E-02 5.60E-02 5.64E-02 5.66E-04
5.67E+01 5.59E-02 - - -
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35) The extrapolation length as a function of slip velocity for H5840B 
HDPE at the different temperatures (Figure 4.40)

At 160 °c
v s

(mm/s)
bi

(mm)
๖2

(mm)
Avg. Std.

1.56E+00 1.96E-02 - - -
2.05E+00 2.02E-02 2.01E-01 1.11E-01 1.28E-01
3.11E+00 2.39E-02 - - -
3.59E+00 2.14E-02 - - -
6.24E+00 3.45E-02 - - -
8.90E+00 4.10E-02 - - -
1.48E+01 6.15E-02 - - -
1.80E+01 6.47E-02 - - -
2.32E+01 7.24E-02 7.24E-02 7.24E-02 5.66E-05
2.80E+01 7.76E-02 - - -

At 200 °c
v s

(mm/s)
bi

(mm)
๖2

(mm)
Avg. Std.

1.71E+00 2.07E-02 - - -
2.16E+00 2.29E-02 - - -
2.40E+00 2.09E-02 2.08E-02 2.08E-02 7.78E-05
4.80E+00 3.20E-02 - - -
7.20E+00 3.90E-02 - - -
9.05E+00 3.92E-02 - - -
1.35E+01 5.12E-02 - - -
1.71E+01 5.72E-02 5.72E-02 5.72E-02 4.24E-05
4.22E+01 1.12E-01 - - -
7.91E+01 1.89E-01 - - -
1.48E+02 3.90E-01 - - -
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B.4 Normalized Flow Curve

36) Master curve of four HDPE melts of different molecular weight and 
polydispersity at the temperature of 180 °c (Figure 4.46-4.47)

H5604F HDPE ะ H5840B HDPE ะ
Wi tw/Gc

4.09E+00 1.23E+00
8.18E+00 1.76E+00
1.23E+01 2.28E+00
1.64E+01 2.62E+00
4.09E+01 4.31E+00
8.18E+01 5.76E+00
2.13E+02 7.40E+00
2.56E+02 7.97E+00
3.20E+02 8.70E+00
4.26E+02 1.01E+01
5.33E+02 1.05E+01
6.39E+02 1.11E+01
8.52E+02 1.22E+01
1.07E+03 1.33E+01
2.13E+03 1.63E+01
3.20E+03 1.77E+01
4.26E+03 2.00E+01
7.24E+03 2.17E+01
1.03E+04 2.09E+01
1.47E+04 2.39E+01
1.66E+04 2.64E+01
1.84E+04 2.78E+01
2.76E+04 2.90E+01

Wi tw/Gc
2.91E-02 3.86E-02
7.28E-02 6.87E-02
1.46E-01 1.23E-01
2.19E-01 1.61E-01
2.91E-01 1.99E-01
4.37E-01 2.65E-01
6.41E-01 3.48E-01
8.74E-01 4.27E-01
1.43E+00 6.11E-01
2.40E+00 6.87E-01
3.28E+00 8.59E-01
5.38E+00 1.15E+00
8.85E+00 1.46E+00
1.47E+01 1.73E+00
3.03E+01 2.45E+00



H5818J HDPE ะ
Wi tw/Gc

1.10E-02 1.02E-02
2.75E-02 2.02E-02
5.50E-02 3.43E-02
8.25E-02 4.52E-02
1.10E-01 5.90E-02
E65E-01 7.53E-02
2.20E-01 9.71E-02
3.30E-01 E31E-01
5.50E-01 E95E-01
8.80E-01 2.76E-01
1.1OE+OO 3.24E-01
E65E+00 4.41E-01
2.20E+00 5.25E-01
3.63E+00 6.71E-01
4.84E+00 8.00E-01
6.06E+00 9.17E-01
9.69E+00 E21E+00
E21E+01 E36E+00
E82E+01 E66E+00

H5690S HDPE ะ
Wi tw/Gc

2.69E-01 E13E-01
4.03E-01 2.10E-01
5.38E-01 3.20E-01
1-53E+00 6.59E-01
3.06E+00 E11E+00
4.59E+00 E50E+00
6.12E+00 E82E+00
9.18E+00 2.40E+00
E22E+01 2.86E+00
E26E+01 3.11E+00
E71E+01 3.73E+00
2.52E+01 4.35E+00
3.07E+01 4.97E+00
4.03E+01 5.59E+00
4.67E+01 6.21E+00
5.77E+01 6.83E+00
6.52E+01 7.45E+00
7.86E+01 8.07E+00
9.26E+01 8.70E+00
E08E+02 9.32E+00
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37) Master curve of H5604F HDPE at the different temperatures (Figure 
4.54)

At 160 °c  At 200 °c
Wi tw/Gc Wi Tw/Gc

4.17E+01 2.03E+00 7.58E+00 1.70E+00
5.57E+01 2.93E+00 1.14E+01 2.27E+00
1.39E+02 4.38E+00 1.52E+01 4.32E+00
4.12E+02 5.85E+00 5.52E+01 6.53E+00
6.18E+02 6.91E+00 1.10E+02 8.63E+00
8.24E+02 7.70E+00 1.66E+02 1.01E+01
1.24E+03 9.16E+00 2.21E+02 1.12E+01
1.58E+03 9.37E+00 3.14E+02 1.38E+01
3.38E+03 1.26E+01 5.35E+02 1.62E+01
1.04E+04 1.52E+01 9.27E+02 2.01E+01
2.02E+04 1.71E+01 1.32E+03 2.25E+01
2.18E+04 1.74E+01 2.38E+03 2.38E+01
2.38E+04 1.76E+01 2.57E+03 2.50E+01
2.78E+04 1.90E+01 3.64E+03 2.75E+01
3.73E+04 2.03E+01 5.90E+03 3.00E+01
5.16E+04 2.09E+01 9.43E+03 3.26E+01
6.01E+04 2.37E+01 1.63E+04 3.50E+01

2.49E+04 3.81E+01
3.21E+04 4.00E+01
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38) Master curve of H5818J HDPE at the different temperatures (Figure 
4.55)
At 160 °c  At 200 °c

Wi tw/Gc
3.13E-02 2.66E-02
7.84E-02 5.74E-02
1.57E-01 1.27E-01
2.35E-01 1.76E-01
3.13E-01 2.51E-01
4.70E-01 3.59E-01
6.27E-01 4.40E-01
1.14E+00 5.92E-01
1.90E+00 8.41E-01
3.04E+00 1.22E+00
3.86E+00 1.43E+00
4.96E+00 1.63E+00
6.36E+00 1.83E+00
6.87E+00 2.04E+00
8.26E+00 2.24E+00
9.14E+00 2.44E+00
1.06E+01 2.65E+00
1.22E+01 2.85E+00
1.37E+01 3.05E+00

Wi xw/Gc
2.03E-02 1.51E-02
2.70E-02 2.11E-02
6.75E-02 4.07E-02
1.35E-01 7.84E-02
2.03E-01 1.18E-01
2.70E-01 1.68E-01
4.05E-01 2.38E-01
5.40E-01 3.04E-01
9.24E-01 4.1 IE-01
1.54E+00 6.00E-01
2.46E+00 8.32E-01
2.55E+00 9.02E-01
2.91E+00 1.01E+00
3.54E+00 1.13E+00
4.62E+00 1.35E+00
5.69E+00 1.58E+00
7.11E+00 1.80E+00
8.14E+00 2.03E+00
9.19E+00 2.25E+00
1.16E+01 2.82E+00
1.29E+01 2.93E+00
1.32E+01 3.04E+00
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