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Abstract: 

This research concerns with design and construction of annular rotating die used for studying 

rheological property, pressure drop, and swell behavior of melt HDPE in single screw extruder. Results 

of the experiment showed that pressure drop found in normal annular die (0 rpm) increased with the 

increase of shear rate, but decreased with the increase of tested temperature. On the contrary, pressure 

drop found in annular rotating die tended to decrease steadily with the increase of rotating speed. 

Particularly at low tested temperature and shear rate of 22 s-1 to 29 s-1, the decreasing percentage of 

pressure drop rose up to 45%. The decrease of pressure drop in annular rotating die had significant 

direct effect on rheological property and both Diameter and Thickness swell behaviors. That is, shear 

stress tended to decrease with the increase of rotating speed, up to 43% at 70 rpm. In addition, it was 

also found that Diameter Swell decreased when pressed through rotating die, whereas the Thickness 

Swell increased with the increase of rotating speed. These results could be utilized for the control of 

work produced with annular die, for example, extrusion blow moulding or pipe extrusion process using 

rotating die. The size of parison bar could be adjusted both in thickness and outer diameter, with no 

need to change any production parameter of the polymer extrusion process.   

Key words: Pressure Drop, Polymer Rheology, Diameter Swell, Thickness Swell, Single Screw 

Extruder, Die Design. 
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Abstract: 

 

This research concerns with design and construction of annular rotating die used for studying 

rheological property, pressure drop, and swell behavior of melt HDPE in single screw extruder. Results 

of the experiment showed that pressure drop found in normal annular die (0 rpm) increased with the 

increase of shear rate, but decreased with the increase of tested temperature. On the contrary, pressure 

drop found in annular rotating die tended to decrease steadily with the increase of rotating speed. 

Particularly at low tested temperature and shear rate of 22 s-1 to 29 s-1, the decreasing percentage of 

pressure drop rose up to 45%. The decrease of pressure drop in annular rotating die had significant 

direct effect on rheological property and both Diameter and Thickness swell behaviors. That is, shear 

stress tended to decrease with the increase of rotating speed, up to 43% at 70 rpm. In addition, it was 

also found that Diameter Swell decreased when pressed through rotating die, whereas the Thickness 

Swell increased with the increase of rotating speed. These results could be utilized for the control of 

work produced with annular die, for example, extrusion blow moulding or pipe extrusion process using 

rotating die. The size of parison bar could be adjusted both in thickness and outer diameter, with no 

need to change any production parameter of the polymer extrusion process.   

Key words: Pressure Drop, Polymer Rheology, Diameter Swell, Thickness Swell, Single Screw 

Extruder, Die Design. 
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2.  Executive summary 
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3.   

3.1.    Mandrel 
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 1.    Sizing 

 

 

4.1.1. (Annular Rotating Di System) 
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 (Barrel)  

 3.  (Barrel) L  Barrel 

 Barrle#1  Barrel#2 (Tool Steel)  SKD61 

 40 mm    Barrle#1 Barrel

 (Flow Charnel)  HDPE  barrel 
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 5.  

Barrle#2  20 mm 

 18 mm (Rotation Mandrel Part)  200 mm    Mandrel 

 (air tube) (Parison)

 2 bar  

 

 

 

 

 

 

 

 

 

 

 

 

 

 5.  
 

 Pressure transducer 

                    

(Dynisco, Model PT460E-2CB-6, Franklin, 

MA).

  5 mm   6  

 

 Thermocouple 

  Thermocouple 

sensor  K Type  DD6 Temperature Controller 

  300 oC  +/- 

0.5 oC.  Thermocouple sensor 

 6  

Rotation Mandrel 
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6. Thermocouple  

 

 

    

   

  

  Pressure transducer  VDO  

  

 Real time  Software  

 7 

 

(Die Rotating Speed Control)  

 Rotating Die 

 (Inverter, FRENIC-MINI 4C1S-7J) 

 

(Single screw extruder) 

         7  RMUTL-SE001 

MUSHKING PolyLab RMUTL.[1]  (Length-to-diameter 

(L/D) ratio)  600/25 mm/mm.  Barrel   3  

Thermocouple 

Pressure transducer 
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   210 to 230oC. 
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4.1.2. (External Sizing) 
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 8.  (External Sizing) 

 

4.1.3. (Cooling Unit ) 
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 9. (Cooling Unit ) 

 

4.1.4.  
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w

w

4.2    

 

  4.2.1.   

  (High-Density Polyethylene, 

HDPE)  HD5000S     PTT Chemical Thailand (Bangkok, 

Thailand)  (Melt Flow Index)  0.8  ASTM D1238 

 0.954 g/cm3  ASTM D1505 

 

4.2.2.  

 

   (Pressure Drop)  

Die  

    

  Die  Wall Shear Stress ( w)  Wall Shear Rate 

( w) w  w  (Viscosity, )  1, 2 

 3   [2, 3] 

L
PH ent

w 2
        (1) 

2

6
HC
Q

m
w                                   (2)

                      

                  (3) 

 

          w   =   Die (N/m2) 

   H     =   (Die Gap) (m) 

    P    =    (N/m2) 

   L     =    Die (m) 

   w   =    Die (s-1) 

   Q    =    (Volumetric Flow Rate, m3/s)  

      =     Ns/ m 

             Cm =  (R1+R2), R1 and R2 =  Mandrel  

annular die (m) 
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4.2.3.  

 2   (Diameter Swell) 

 (Thickness Swell)  11. 

 4  5  [4,5] 
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    hp   =   Extrudate   
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 Overall  Swell  

(VDO Recorder)  Rotating Die  (Real Time) 

 VDO  1.3 MP USB DIGITAL MICROSCOPE 20X to 400X  12  

 (Visualization Capture) 

 4  

 Thickness Swell  VDO      

 

 

 0.01 mm   

 13 

 

 

 

 

 

 

 

 

 

 

 12.  VDO  Diameter  Swell 
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 14.  

 

4.2.3. (Pressure Drop)  
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 Data logger 

 Software   

 

4.3.  
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 15.  

Varying shear rate (s-1)  

Varying mandrel rotating speed (rpm) 

22 40 50 
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Measurement 

Pressure drop  

Rheological properties 

Diameter swell  

Thickness swell   

29 

210oC 

         High-density polyethylene (HDPE) 

220oC 230oC 

Rotating die mandrel 

        Die temperature (oC) 
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5.   

5.1. (Pressure Drop)  HDPE 
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) 

 

   210 oC .  0-70 rpm 

 Pressure drop  45 % ,32 %  22 s-1  29 s-1 

 40 s-1  50 s-1  Pressure drop 

  29 %  24 %   

 20.    22 s-1  29 s-1 

 Pressure drop  

 22 s-1  29 s-1  

  

 29 s-1  Pressure drop 

  

 

 

5.2. (Rheological properties)  HDPE 

 

 

             5.2.1.  HDPE  

 

       21 (Shear Stress ) (Shear 
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 non-Newtonian  Pseudoplastic  

 (Shear Stress ) 
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 21.  HDPE 

 210 oC, - 230 oC 
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5.3.2.  Diameter Swell  Thickness Swell  HDPE 
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5.4.  HDPE  
 
5.4.1.  HDPE (HDPE Parison) 
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mm  15  35 (c-d)   

 Parison 

 20  35 (e)  
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5.4.2.  HDPE  
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 36.  HDPE 
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 38  Diameter Swell  Thickness Swell  HDPE 

 0   25   0 rpm  70 rpm     29 s-1
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 39  Diameter Swell  Thickness Swell  HDPE 

 0   25   0 rpm  70 rpm     40 s-1

 210oC 
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 40  Diameter Swell  Thickness Swell  HDPE 

 0   25  0 rpm  70 rpm    50 s-1

 210oC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 41 HDPE  Mandrel 

Stationary plate 

Stationary Plate 

Rotating Mandrel  
HDPE Parison 

Flow Direction 

Melt Velocity, v = 0 

Cross Flow Direction  
Melt Velocity, v = R
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 42.   Parison  (0 rpm) 

 50 rpm   210 oC  22 s-1  50 s-1 
 

 1. 

 0 rpm  50 rpm  210 oC    

 IMAGE J 

Cross Section Area(cm3) 
Shear Rate (s-1) 

0 rpm 50 rpm % differences  

22 0.588 0.559 4.931973 

29 0.615 0.604 1.788618 

40 0.642 0.681 6.074766 

50 0.684 0.671 1.900585 

                                                                                              % Average difference = 3.7% 
 

 

 

22 s-1 29 s-1 

40 s-1 50 s-1 

0 rpm 

50 rpm 



 -44- 

Shear Rate = 22 s-1
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 43  44  Diameter Swell  Thickness Swell 

 Parison   0 rpm  70 

rpm  22 s-1  

 Parison    Thickness Swell 

 Diameter Swell 

     22 s-1  Diameter Swell 

 Thickness Swell  5% 

 10 oC   HDPE 
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Shear Rate = 22 s-1
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 43  Thickness Swell  Parison  0 rpm  

70 rpm 22 s-1 
 

5.4.2.  Parison 

 

 44  45  Diameter Swell  Thickness Swell 

 HDPE  0 rpm  70 rpm  

22 s-1, 29 s-1, 40 s-1  50 s-1   220 oC  

  HDPE 

  Diameter Swell  Thickness Swell 

  

 HDPE 

 

 5.3.1   
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 47  Diameter Swell  HDPE   0 rpm  70 

rpm  220 oC    
 

 

 

 

 

 

 

 

 48  Thickness Swell  HDPE   0 rpm  70 

rpm  220 oC    
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6.    

 

6.1.  Mandrel 

    

HDPE    

6.2.  Pressure drop (0 rpm) 

  

6.3.  Pressure drop 

       

 

6.4.   Pressure drop 

    210 oC   22 s-1  

 0-50 rpm  Pressure drop   35 % 

 0-60 rpm  0-70 rpm 

 Pressure drop  40 %  45 %   

6.5.  Pressure drop 

  210 oC  

 Pressure drop  25%-45 % 

   230 oC  Pressure drop 

 10 %-25 %  

6.6.  22 s-1  29 s-1  

Pressure drop   29 s-1 

 Pressure drop  

6.7.  HDPE 

 non-Newtonian  

Pseudoplastic    

 

6.8.

   

     

 210 oC   22 s-1 

 50 rpm, 60 rpm 50 rpm 
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 27%, 38%  43% 

   

6.9.   Parison  (Diameter Swell) 

 (Thickness Swell) 

 

6.10.   Parison  Diameter Swell  Thickness 

Swell     Diameter Swell  1-1.2 

 Thickness Swell  2.2-25 

6.11.  Parison 

    Parison 

 5   

  Parison 

   Pressure Drop  

6.12.  Diameter Swell   

  Parison  Thickness Swell 

   22 s-1  50 rpm,  60 rpm 

 70 rpm  Diameter Swell  0.63, 0.58,  0.51 

 Thickness Swell  2.63, 2.7,  2.77  

6.13.   Parison  Diameter Swell  Thickness 

Swell 

 

 

   

  

1.

 

2.   

(Extrusion Blow Moulding) 
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