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Study on simplified calculating method for hot water temperature and
condensation in presumed steady condition of cross-linked polyethylene pipe
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Abstract

In this paper, we present simplified calculating method for hot water temperature inside the pipe

and probability of condensation on surface of cross-linked polyethylene pipe in presumed steady

condition, for constructing programs to calculate these elements demanded at situation of marketing or

introducing. In addition, we carried out experiment of water temperature and condensation on surface

in several condition, to verify preciseness of calculating method by comparing the result of experiment

and calculated value. In water temperature inside the pipe, the difference of result of experiment and

calculated value was within 0.3 degrees when water temperature is between 40 to 60 degrees. In

probability of condensation, relative humidity dew-point value difference of result of experiment and

calculated ambient relative humidity dew-point value was within 5.4%. The calculated value was

positioned at safe side from experiment value in every case, we concluded this calculation method is

practical at marketing situation.
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Tablel Calculation condition and Output item

F 1 FREEMEROFEEA

Item (B H)

Inlet water temperature (°C)
(e E DA DRE)
Distance L(m) from inlet
G D AN INBH D BEEEL)
Water flow (L/min)

Okt i

Calculation

conditon
(areispr) [EREEZERDEEL)

Wind speed (m/s)
(BREE22 R D JEHR)
Thermal conductivity of Crosslinked Polyethylene
(WmK) (ZEfERY =F L v OBRER)
Thermal conductivity of pipe insulation(W/mK)

(PRI DOBYRER)
Convective heat transfer coefficient on outside surface
of pipe (W/m’K) (43 i D5 R Bn 2 2R)
Radiant heat transfer coefficient on outside surface of
pipe (W/m’K) (4321 D HUF VL ER)
Total heat transfer coefficient on outside surface of pipe
(Wm’K) (SR D & BRER)

) Convective heat transfer coefficient on inside surface of

CoCURNON | pipe (WimK) (IO A R )
(ﬁ/)‘;:s;é ) |Inner surface temperature of pipe (O]
(GREJ RIS
Outer surface temperature of pipe (°C)
(h K mEiRE)
Outer sureface temperature of insulation (°C)
(PRIEAS DI R L)
Water temperature at a distance L(m) from inlet

(ANADBEEBEL(m) D)

Air temperature (°C)
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Fig.1 Cross-linked polyethylene pipe cross section
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Fig.2 Calculation diagram of convective heat transfer

coefficient on pipe surface
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Fig.3 Calculation explanation of radiation heat transfer

coefficient on the pipe surface

B 3 A% i O HUH BMRERF R O3 IX

Nup;=r2e2t (12)

Nup,; = 0.023Re}/*Pril/3 (13)
WDl

Rep="" (14)

Pn=§£ (15)

R o HEF 0.7<Pri<160, ReDi>104, L/D1>10
Cross-linked Polyethylene Pipe

----‘;---

Water flow in the
uW .
D, =2r| pipe

Fig.4 Calculation explanation of convective heat transfer
coefficient on the pipe inner surface
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Fig.5 Calculation procedure of hot water temperature in the
calculation program
5 HHET R T AIBITALIROHETIA

~MuiET B EOFERELNX (7)) [IRT. e, &
B SO BEE oy O BMmER R A2 (18) ~K (22)
(R3O SRS K OV O e B R R R,
AR 07T LIBT LR ETEIRER ) =T L
HELFAULTHY 2 ZTIIEKT D.

o Ta(Air temperature)

Insulation

Cross-linked
Polyethylene Pipe

Fig.6 Cross section of Cross-linked polyethylene pipe with
insulation
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Fig.7 Calculation procedure for judging the presence or

absence of condensation on the surface of a hot water pipe
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Table2 Cross-linked polyethylene pipe for comparison

verification
2 HWRFER R OGUER Y = F L E
Size Material Section details
() (F1ED (W7~ 35%)
Cross-linked polyethylene Outer diameter
. . 17mm,Inner
pipe 13A | Pipe Cross-linked diameter
(BEFERY =T L B H polyethylene
*) 12.8mm,
Thickness2. Ilmm
Outer diameter
. 17 I
Cross-linked polyethylene . |Cross-linked | . . tnner
. o . Pipe diameter
pipe with insulation Smm 1BA polyethylene 12.8mm.
(Gmm B (T Th.ickne;SZ Imm
RYTFLE) r— :
nsu .
ation polyethylene | ThicknessS.0mm
Outer diameter
Cros's-hnk.ed polyetl}ylene | Cross-linked 17mm,lnner
pipe with insulation Pipe olvethylene diameter
10mm 13A POYEYIENe | 15 gmm,
(10m mRIEA 4446 Thickness2.1mm
RYz=FL 5%
R =T ) 2:1211 polyethylene | Thickness10.0mm
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Table3 Outline of equipment and measurement instrument
#* 3 EBRALE & HIERERR OB

Equipment and
Measurement item
Temperature controlled |Low temperature circulator NCC-1110A,
water circulator Tokyo Rikakikai co,. Ltd
Resistance Temperature Detector,
Yashimasokki.co,.ltd
Magnetic Flowmeter AXF005G,

Measurement instrument

Water temperature

Water fl . .

ater flow Yokogawa Electric Corporation
Air humidity and Humidity and Temperature Probe HMP110,
temperature Vaisala Oyj

Air temperature T-type thermocouple (0.2mm)
Air Velocity Meter 6141,

Kanomax Japan Incorporated

Wind speed

Table4 Experimental conditions for hot water temperature
measurement experiment
4 fa 0 E R O BHRME O FZEREAT:

Inlet water Ambient air
Water flow
Case temperature temperature
T L/min C
Casel 60 6 5
Case2 40 6 5

BT 2 ERAER L OHREEMAERZRT, £z, £51
BRI RIT BRI ERRFOEBR S L HE L RO
BRI R O R R, BBA Y mF LR
ETIE, ANDIRER 60. TCOBAI, MBEEAOND
20m B 72 5RO EEBRES Bk 57.9C, A RIX
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58.82°C . @F’VJ\% LD, AEIEBEEA RN NS 20m Hﬁﬂ’bfz(rﬁ(ﬁ
8 6 - Air temperature L3 é 8 6 Air temperature L3 Em
) ~ ) -
3 4 L2 3 s 4 L2 3
= . 153 = . o}
5 2 Wind speed L & 5 2 Wind speed L &
o i o o el
£0 : : 0 £ £ 0 : : 0 £
= 10 20 30 7 = 10 20 30 2 F
—~ 20 = —_ -
o 65 Inlet water temperature 0 é ) 65 Inlet water temperature 20 g
<60 15 £ < 60 - - 15 £
o 2 g : ; 2
£ 55 {Water temperature at a distance 20m from inletf 10 g g 55 {Water temperature at a distance 20m from inlet} 1o 2
= =~ =}
250 S -5 E 2,50 LS5 =
g Water flow 3 g Water flow 8
e 45 T T 0 g ﬁ 45 T T 0 g
0 10 20 30 0 10 20 30
Elapsed time (Minute) Elapsed time (Minute)
Fig.9 Experimental result of cross-linked polyethylene Fig.10 Experimental result of cross-linked polyethylene
pipe (Inlet water temperature 60°C) pipe with insulation 10mm (Inlet water Temperature 60°C)
9 ARG E WK OERNE D FRER (RIGRY 10 #A%5 € F R O BHRMAE O FBAE R (10mm R IR
TF L UERE ADIRE 60°CHEE) FERBEARY =F Lo ADIRE 60CRHRIE)
70 70
.60 - ® Py Y Y l 60 A ® [ [ J [ l
5\')_, 50 - Water temperature at a distance 20m ‘8 50 1 Water temperature at a distance 20m
g 40 - from inlet (caculation resualt) g 40 | from inlet (caculation resualt)
5 30 A Calculation condition g 30 - ] Calculation condition
g Air temperature: 4.9 °C £ { Air temperature: 4.8 °C
2 20 1 Wind speed: 0.3 m/s S 20 4 - Wind speed: 0.3 m/s
10 - Inlet water temperature: 60.7 °C 10 { Inlet water temperature: 60.4 C
0 ® Water flow: 5.9 L/min 0 Ld §Water ﬂow 6.0 L/mm |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Number of calulations Number of calulations
Fig.11 Calculation result of cross-linked polyethylene Fig.12 Calculation result of cross-linked polyethylene pipe
pipe (Inlet water temperature 60.7°C) with insulation 10mm (Inlet water temperature 60.4°C)
M1l G EFROGROFFEAMAR (ERY = M 12 fEEEFROGROFFAAR (10 mprRIEM &
FLUEREK ADIRE 60.7C) BIGEARY = F L% ADIRE 60.4°C)
Table5 Comparison verification between hot water calculation results and experimental results
K5 G ERRFOBHIRREDERAER L FEMR L DK
Cross-linked polyetylene | Cross-linked polyetylene | Cross-linked polyetylene
Item pipe pipe with insulation 5Smm | pipe with insulation 10mm
Casel Case2 Casel Case2 Casel Case2
E . Inlet water temperature (°C) 60.7 40.5 60.5 40.4 60.4 40.4
:(’)’:gll‘:::t Water flow_(L/min) 5.9 5.9 6.0 6.0 6.0 5.9
and Ambient air temperature (°C) 4.9 4.9 4.8 4.9 4.8 4.9
Calculation | Wind speed (m/s) 0.3 0.3 0.3 0.3 0.3 0.3
conditon | Lhermal conductivity of Cross-linked Polyethylene(W/mK) 0.47 0.47 0.47 0.47 0.47 0.47
Thermal conductivity of pipe insulation(W/mK) - - 0.035 0.035 0.035 0.035
Convective heat transfer coefficient on outside surface of pipe(W/m’K) 13.9 13.9 9.7 9.5 8.6 8.6
Caleulation Radiant heat transfer coefficient on outside surface of pipe(W/m’K) 5.2 5.2 4.6 4.6 4.6 4.6
U
result Total heat transfer coefficient on outside surface of pipe(W/mzK) 19.1 19.1 14.3 14.1 13.2 13.2
Convective heat transfer coefficient on inside surface of pipe(W/m°K) 3971.8 3971.8 4833.6 4022.4 4847.0 4008.0
Water temperature at a distance 20m from inlet (°C) 57.9 38.8 59.3 39.6 59.5 39.8
Exszgi‘:m Water temperature at a distance 20m from inlet (°C) 58.2 389 59.6 39.8 59.8 40.0

L 0.3COETHIATHILNTEE. £, HBBO ?E'ﬁ@%%ﬁfﬁ*%&?r%f*f‘*%&wttii%fffbfb\éﬁi &
ANBREMR 40. 5°COLAITITRBREE STk 38.8°C, & BN OREENEVIE CERER EFHEREL O
B TI1L38.9CL 0. 1CHETH-7-. EE 5mKk %Ezzleé <, FHEBERES 2D EEZLND, ZIh
EE 10 mORIEM A ERER Y = F L 8 O EBFER 5. B L2 EFEIRE T OBRERITBEA DIRER
EEHRREREDEIT 0.2C~0.3CTh o=, BERMICH 60°CLLT, #EEDRE S 20m LNOZEBR Y =F L &
BN REDMEWE EEHERR &L ERER O EN I N DOIRFE  BABBIZE O TIEM ERE ARMER 2N E
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Hbhb.

Air temperature & humidity Table6 Experimental conditions for determine the presence or

Environmental Test X
measurement point

absence of condensation experiment
Chamber ®*Wind speed measurement point B P
Water temperature # 6 KETOH WA P W9 5 RSt
measurement p01m

Cross-linked Polyethylene Pi . .
N ross-iinkd Folyetylene Fipe Item Setting condition

Py - Ambient air temperature(°C) 30
Water temperature in pipe(°C) 15
‘ ‘ ‘ Water flow(L/min) 8

Outer pipe surface temperature
200mm |100mm! 200mm L 4 =
%g 40 4 . - -3 E
F g2 Air humidity Air temperature | 2 3
23 30 - L, &
2 E - Wind spegd <
Temperature controlled Flow meter gm:‘ 20 T T 0 g
water circulator = 0 20 40 60 =
o 20 : o 30 &
Fig.13 Outline of experimental equipment for determine L Outer surface temperature of pipe ‘g
) | ~
the presence or absence of condensation 3 15 Water temperature 20 i/
I
13 558 DA B2 {9 5 2B E A g 10 2
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Table7 Comparison verification between hot water calculation results and experimental results

KT REEEOAHE 2 BT 2 EBREE R &R AR O

Item Cross-linked polyetylene | Cross-linked polyetylene | Cross-linked polyetylene
pipe pipe with insulation 5mm | pipe with insulation 10mm
Experiment Inlet water temperature (°C) 14.9 15.1 15.1
KPETMEN | Water flow_(L/min) 8.0 8.0 8.0
condition - -
and Ambient air temperature (°C) 29.7 29.7 29.7
Calculation | Wind speed (m/s) 0.3 0.5 0.5
conditon | Thermal conductivity of Cross-linked Polyethylene(W/mK) 0.47 0.47 0.47
Thermal conductivity of pipe insulation(W/mK) - 0.035 0.035
Inside pipe surface temperature(°C) 15.1 15.1 15.2
Calculation |Quter pipe surface temperature(°C) 16.4 15.6 15.5
result B D B B B B
Relatlv&? humidity of ambient air with confirmed condensation on the 471% 87.2% 95.1%
outer pipe surface
Experiment Relatlv‘e humidity of ambient air with confirmed condensation on the 44.7% 82.2% 89.7%
result outer pipe surface
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Table Al Symbols and units
ffak Al GHRATEA Lo R 5

Symbol Name of quantity Unit
Tyin |Inlet water temperature C
Tyou |Outlet water temperature C
T, |Average temperature(=(Tw.in+Tw.outu)/2) T
T, |Ambient air temperature C
Ts1  |Inside pipe surface temperature C
Ty  |Outer pipe surface temperature T
Ts  |Outer insulation temperature C
Ty  [Surface temperature of enclosed space C
r;  |Inner radius of pipe m
r,  |Outer radius of pipe m
3 |Outer radius of pipe insulation m
L |distance from pipe inlet m
A,  |Pipe outer surface area m
Ays |Enclosed space area 'y
M |Thermal conductivity of Crosslinked Polyethylene W/mK
A [Thermal conductivity of pipe insulation W/mK
h;. |Convective heat transfer coefficient on inside surface of pipe WK
hy. |Convective heat transfer coefficient on outside surface of pipe W/mK
hy,  |Radiant heat transfer coefficient on outside surface of pipe WK
hy,  |Total heat transfer coefficient on outside surface of pipe W/nmK
Aair | Thermal conductivity of air W/mK
Ay  |Thermal conductivity of water W/mK
Vaa |Water flow in pipe /s
Var  |Kinematic viscosity of air /s
O, [Temperature conductivity of air m /s
vy  |Kinematic viscosity of water /s
oy |Temperature conductivity of water /s
cy |Specific heat of water J/kgK
pw |density of water kg/m3
U, |Wind speed across the circumference m/s
u, |water flow rate through pipe /s
6 |Stefan-Boltzmann constant
€, |Radiant heat transfer coefficient on outside surface of pipe
€, |Radiant heat transfer coefficient on enclosed space
Nup, |Nusselt number of air on the outer surface of pipe
Rep, |Reynolds number of air on the outer surface of pipe
P, [Prandtl number of air on the outer surface of pipe
Nup; |Nusselt number of water on the inner surface of pipe
Rep; |Reynolds number of water on the inner surface of pipe
P, [Prandtl number of water on the inner surface of pipe
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