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Study on Water Pipe Free from Fracture by Water Freezing
Further report: Physical Characteristics of Foamed Material and its Lining Pipe
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Abstract
In our previous paper a modified water pipe free from the fracture by its freezing was proposed together with
several testing results indicating availability of the pipe for the faced problems. After then, to make its utility more
‘ . practical some physical characteristics for the pipe have been investigated to know effects mainly by lining of the
k foamed material. Concretely speaking, lining effect for thermal insulation, residual strain of the lining material
induced by its compressive deformation and fluid friction factor of the modified pipe for water flow became typical
subjects of this investigation, whose achievements can be seen in this paper.
Here, summarizing the main results, the following items can be derived;
a) Small thermal conductivity of the foamed material contributes to increase thermal resistance of the pipe wall,
especially for no water freezing condition.
b) Due to compressive load application, there observed marked strain of the lining material at the beginning.
Consequently, however, residual strain of about 10% by successive load application can be seen after all under
pressure of 3kgf/cm?(0.29MPa).
¢) As for friction factor there is practically no big difference between the present pipe and the conventional one,
regardless of fluid flow pattern.
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Fig.1 Apparatus for measuring thermal properties of the
fining material
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Table 1 Testing specimen

Lining | Inner ]
Sample Presence | sheet |diameter| PiPe
name | ID of lining | thickness | of pipe thicknesy Symbol

[mm] [mm] | [mm]
IDI3A [ 13 | yes 1 13 2.5 -H
IDI3B | 13 no - 13 2.5 -+
ID20A | 20 yes 1 20 3.0 A
ID20B | 20 no - 20 3.0 JAN
ID25A | 25 yes 2 25 35 g
ID25B | 25 no — 25 3.5 ]
ID30A | 30 |  ves 2 31 3.5 X[
ID30B | 30 no — 31 35 X
ID40A | 40 yes 2 44 2 L ]
ID40B | 40 no — 44 2 O
ID50A |50 | yes 3 56 2 DX
ID50B | 50 no - 56 2 X
ID65A | 65 yes 3 71 24 L 3
ID65B | 65 no — 71 2.4 O
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Fig.2 Water temperature transition measured at
inner central pesition of the pipes (Part 1)
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Fig.3 Water temperature transition measured at inner
central position of the pipes (Part 2)
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Fig.4 Water temperature transition measured at inner
central position of the pipes (Part 3)

Table 2 Measured values for {4, and tg;

0 200 400 600 800 1000 1200 1400 1600

ID[mm] t,“[min.] tz;fmin.] t4;— tp;{min.j
13 30 30 0
20 75 62 13
25 105 85 20
30 135 90 45
40 195 135 60
50 320 220 100
65 480 310 170
Table 3 Measured values for t5, and tg,
ID[mm]} t4,[min.] tpz[min.] t42— tpo[min.}
13 100 100 0
20 175 135 40
25 250 250 0
30 310 245 65
40 405 335 70
50 360 300 60
65 570 495 75
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Table 4 Physical properties for the foamed material®
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Item Unit Quantity
Observed density g/cm’ 0.195
Tensile strength MPa 3.51
Elongation % 379 @
Tear strength N/m 1.25X10* -
Compressive hardness MPa 0.137
Compressive residual strain % 1.3
Residual strain _by repeated % 34
compression
Dlmensmn_al change by % -13.6
heating
Displacement
indicator \+
Weight

Ball guide
post set
(commercial [
name)

T~

Test samples
(lining material)
Fig.5 Testing apparatus for compressing the lining material
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Fig.7 An example of strain recovery behaviour of every

sample after load removal of 3kgf/em?*(0.29MPa)
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Table 5 Specification of micro pressure transducer

Item o Specification
o i diameter 102mm
verat stze thickness 20mm
Volume of
pressure 0.57cm?®
chamber
Mass 1.11kg
Overall 10.25% for full scale of 14mm
accuracy H,0
Working —53C~
Temperature range 121C
characteristic Guarantee —17.7C~
range 71°C

Table 6 Specification of flow meter

%), 73)0)‘—7_/{:—‘/7%%?{9‘\}.5 Z &—Gﬁ%ﬁzs\, E\ 5%33 Item SpCCiﬁcation
BOEEAL FLMC LT LERDS ). — :
€ 8 ITEEERRE Y ERIC L D S DOEREE Detectable minimum flow rate 0.3 9/min
OBRER LI bOT, ZRRICH SN 281X TEEER Resolution 0.6 m@/pulse
) LRINTOSBACRESIND I LIZRD. Z2T Nominal pulse rate 1785 pulse/2
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20mm) &2 o TV B bORABREN.EHFTA = Repeatability +0.1%
78 OBREL 3(mm), T A = ¥ JE TIXF DO BIED 3(mm), Usable maximum temp. 85°C
A=V BORED Amm)& /g > TN ERTHEIC Usable maximum pressure 1 MPa
Micro pressure .
transducer Fressure
- L
F1 indicat
LiQUid U l ow n cator l
column :Joint Intake pipe Coupler
Outflow — ‘_,_________4___|__4___£_~_,.~_v_____ ->ﬂ._¥~v
water P
300 L=400 300 4000 1 Water tube
Flow meter
Region for measuring The entrance-flow ﬁ
pressure difference region Inflow
Fig.8 Testing apparatus diagram for measuring friction factors Fater
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BEXH
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(3) E.R.GEckert & R.M.Drake ; Heat & Mass Transfer, 2nd.Ed (1959),
Kogakusha, McGraw-Hill,
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