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Fig. 1 Appearance requirements for pipeline cooling and shaping: (a) out of roundness of pipeline cross-

section; (b) longitudinal curvature of pipeline
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Fig. 2 Numerical modeling: (a) model; (b) pipe section size

Tab. 1 Simulation working condition

Temperature of

Number WORKING condition Cooling medium Medium temperature /°C pipes/°C Heat transfer mode
1 natural cooling air 25 185 heat conduction
2 immersion cooling water 25 185 heat conduction
3 air cooling air 25 185 thermal convection
4 spray cooling water 25 185 thermal convection
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Fig. 3 Temperature contour map of natural pipeline cooling
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Fig. 4 Temperature contour map of pipeline immersion cooling
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Fig. 5 Temperature variation curves: (a) natural cooling; (b) immersion cooling
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Tab. 2 Simulation conditions configuration

Number pre:]salfrlgzl/j;/lPa Gravity / (N kg™ Initial temperature /°C <;r£;g::$§fgl (t:gsg;igf (ljl
1 0 185 25 35
2 0 185 25 35
3 -0.01 9.8 185 25 35
4 -0.02 9.8 185 25 35
5 -0.03 9.8 185 25 35
6 -0.04 9.8 185 25 35
7 -0.05 9.8 185 25 35
8 -0.06 9.8 185 25 35
9 -0.07 9.8 185 25 35
10 -0.08 9.8 185 25 35
11 -0.09 9.8 185 25 35
12 -0.10 9.8 185 25 35

Tab. 3 Simulation results
Number Vacuum pressures /MPa o, min/ T e, max/ MM i, min/ MM Out of roundness /%

1 0 493.4 493.4 453.5 0

2 0 492.6 493.6 452.7 0.2
3 -0.01 493.5 494.3 454.0 0.16
4 -0.02 494.4 495.0 454.9 0.12
5 -0.03 495.3 495.7 455.8 0.08
6 -0.04 496.2 496.5 456.7 0.06
7 -0.05 497.1 497.2 457.5 0.02
8 -0.06 497.8 498.0 458.2 0.04
9 -0.07 498.6 498.9 458.9 0.06
10 -0.08 499.3 499.8 459.6 0.10
11 -0.09 500.0 500.8 460.2 0.16
12 -0.10 500.9 502.4 460.9 0.30

d..: mean outside diameter; d;,: mean inside diameter
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Fig. 13 Variation in pipeline cross-sectional dimensions: (a) outer diameter; (b) inner diameter
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Fig. 14 Cooling shaping simulation contour map: (a) temperature; (b) displacement; (c) stress; (d) strain
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Fig. 15 Cooling shaping equipment: (a) outside of cooling and shaping equipment; (b) inside the cooling and shaping
equipment; (c) control panel; (d) pressure monitoring; (e) sleeve
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Fig. 16 Flow chart of cooling and shaping process
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Tab. 4 Final product pipeline dimensions

Number e, min/ MM e, mar/ XM Out of roundness/% Longitudinal curvature/%

1-1 500.1 500.5 0.08

1 1-2 500.3 500.9 0.14 0.2
1-3 500.2 500.8 0.12
2-1 500.2 500.5 0.06

2 2-2 500.1 500.3 0.04 0.1
2-3 500.1 500.2 0.02
3-1 500.3 500.5 0.04

3 3-2 500.3 500.7 0.08 0.1
3-3 500.0 500.3 0.06

(b)

Fig. 17 Performance testing of pipes: (a) sample; (b) equipment
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Fig. 18 Mechanical properties of pipes: (a) ring stiffness; (b) ring flexibility
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Optimization and Numerical Simulation of Cooling Shaping Technique
for PVC-U Axial Hollow-Wall Pipe

Zeyuan Guo', Shaowei Hu’, Wei Chen', Wencan Jin®, Pengfei Tang’, Fuqu Pan*
(1. School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430000, China;
2. School of Civil Engineering and Architecture, Guangxi University, Nanning 530000, China;
3. Yellow River Laboratory, Zhengzhou University, Zhengzhou 450000, China; 4. Dongxin Plastic
Technology Co., Ltd., Liaocheng 252000, China)

ABSTRACT: The present study conducted numerical simulation and technique optimization for the cooling and
shaping technique of PVC-U axial hollow-wall pipe with an outer diameter of 500 mm. Utilizing established heat
transfer and thermal coupling models, an investigation on the influence of cooling methods, cooling duration,
cooling temperature, and vacuum negative pressure on the pipeline cooling and shaping technique was carried out.
Additionally, the study involved the optimization of the cooling and shaping equipment design. The results indicate
that, under the conditions of a cooling water temperature of 25 °C, a cooling duration of 1500 s, and a vacuum
negative pressure of -0.09 MPa, the vacuum spray shaping technique for outer diameter shaping is the most ideal
for pipeline processing. After post- optimization, the produced pipeline exhibits dimensions within the required
specifications, curvature <0.2% , non- circularity <0.14%, a ring stiffness of 9.47 kN/m?, and excellent ring
flexibility.

Keywords: axial hollow- wall pipe; unplasticized polyvinyl chloride; cooling shaping process; numerical

simulation



