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Testing Laboratory OBRC SPEC S.A. in Warsaw

Thermal Conductivity
Coefficient of new
Preinsulated Pipes

Ehe results of investigations
. conducted by Laboratory of
& District Heating Research and

Development Center of Warsaw

Municipal Heating Company

(OBRC SPEC S.A.) concerning

ground load for pre-insulated joints

and thermal conductivity coeffi-
cient from preinsulated pipes disas-
sembled after period of operation
were presented in EuroHeat&Power

11/2010. This article includes the re-

sults of researches concerning ther-

mal conductivity coefficient from
new pre-insulated pipes.

Influence of how to determine
the Surface Temperature of Line
Pipes on the Thermal
Conductivity Coefficient

The thermal conductivity coeffi-
cient of cylindrical insulation de-
pends basically on the insulation
properties —its structure, its density,
and its constitution. It appears that
the method of how to determine the
mean value of temperature at the
surface of the pipe is equally impor-
tant.
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The value of thermal conductivity
coefficient is determined based on
heat flux measurements as well as
on measurements of the tempera-
ture at the surface of casing and line
pipe (testing pipe). For cylindrical
insulation it is determined using a
pipe apparatus. In the laboratory of
OBRC it is an apparatus construc-
tion equipped with a casing cylin-
der (figure 1), as described in EN
ISO 8497 [1]'. Inside the pipe, in the
centre, a main heating coil is locat-
ed made of resistance tapes. At the
end of the pipe, 6 auxiliary heating
coils are installed in order to com-
pensate the axial heat flux between
pipe ends and clamping installation

at the test facility. In order to
achieve an equal temperature dis-
tribution at the pipe surface, a vacu-
um is created inside the pipe during
the measurement process. This pre-
vent the convective heat transfer
between resistance tapes of heating
coils and the pipe’s walls. During the
test process a constant air tempera-
ture is realised arround the test
pipe. The stabilization of tempera-
ture ensures a thermostatic cham-
ber, which keeps the air tempera-
ture accurate to £1 K. The measure-
ment of line pipe temperature is re-
alised by 16 thermoelements locat-
ed at pipe perimeter, in every 90° in
four sections (figure 2).

In figures 2 and 3 the possible dis-
tribution of the thermoelements are
presented for laboratory practice,
table 1 shows how the temperature
of the pipe is determined.

To determe the mean temperature
of the pipe surface the following
measurement methods may be ap-
plied:

* 16 thermoelements located in 4
sections of pipe, in every 90° at
perimeter — method I, applied in
OBRC (figure 2),

¢ 4 thermoelements spiral located
along measuring pipe segment, in
equal distances on perimeter, in the
centre of every of 4 segments result-
ing from division of tested segment
to at least 4 equal parts — method II,

I “The Standard permits other constructions

of testing apparatus — with calibrated or
calculated pipe ends.

Figure 1. Pipe apparatus in Testing Laboratory OBRC SPEC S.A. in Warsaw
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Figure 2. Location of 16 thermoelements for measurement temperature of pipe with the usage of pipe apparatus
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Figure 3. An example of thermoelements distribution for pipe temperature measurement, according to standard EN
ISO 8497:1996 (1 - front; 2 — up, 3 — back; 4 — bottom)

recommended in EN 253 [2] and EN
ISO 8497,

* 4 thermoelements located in one
pipe section, every 90° at perimeter
- method I1I,

e using of only one thermoelement
- method IV.

Three samples of different pipe
producers were analysed (pre-insu-
lated pipe segments DN 50), with
thermal insulation made of differ-
ent raw materials systems. Temper-
ature measurements were per-
formed in three measuring cycles
for each sample, with assumed pipe
temperatures of 70°C, 80 °C and
90 °C. Each cycle consisted of a se-
ries of measurements with half hour
intervals between every series. Each
measuring series consisted of mea-
surings with every 10 minutes inter-
vals between each series.

Table 2 presents the temperature
of pipe surface determined by
method I, II, [1I and IV, in measuring
cycles 70 °C, 80°C and 90 °C for
samples marked with numbers 1, 2
and 3 and the insulation thermal

method of determining the

temperature
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B
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Table 1. The method of pipe temperature measurement

conductivity coefficient As;, calcu-
lated based on these temperatures.

The thermal conductivity coeffi-
cients Asy were determined with as-
sumption of equal mean tempera-
tures at the casing pipe surface in
particular measuring cycles for
every sample (table 3), determined
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based on measurements realised by
16 thermoelements located at the
perimeter of pipe, every 90° in four
sections.

Figures 1 to 3 present the thermal
conductivity coefficients A5, in
W/(m-K) of three tested samples,
calculated based on the mean tem-



HEAT DISTRIBUTION

Thermal Conductivity

method of
determining the
temperature
I (OBRC)
I.A
11.B
II.C
sample no I1.D
1 LI
LI
V.3
V.7
V.9
|
1LA
11.B
I.C
sample no I.D
2 LI
LI
V.3
V.7
V.9
|
ILA
I.B
I.C
sample no I.D
3 LI
LI
V.3
V.5
V.8

' Item

Assumed pipe’s temperature in °C
70 80 90 . As
- . - in W/mK
determined pipe temperature in °C
69.97 79.98 89.98 0.0290 |
70.11 80.13 90.27 0.0289
69.67 79.67 89.57 0.0291
69.94 79,95 89.91 0.0291
70.14 80.17 90.15 0.0289
69.50 79.34 89.37 0.0294
70.71 80.89 90.98 0.0285
69.46 79.28 89.13 0.0294
68.77 78.90 88.64 0.0297
70.79 80.96 91.08 0.0285
69.99 79.99 89.98 0.0280
70.08 79:97 89.96 0.0279
69.64 79.96 89.95 0.0281
70.13 80.03 90.03 0.0279
7012 80.01 90.01 0.0279
69.35 79.21 89.01 0.0284
70.67 80.56 90.71 0.0275
69.30 79,15 88.96 0.0285
68.77 80.41 90.44 0.0283
70.73 80.65 90.82 0.0275
69.99 80.01 89.97 0.0291
69.98 1999 89.97 0.0291
69.97 19.97 89.93 0.0291
70.08 80.12 90.51 0.0290
70.01 80.02 89.99 0.0290
69.64 79.55 89.56 0.0293
70.08 80.12 90.51 0.0286
69.57 79.47 89.46 0.0294
70.52 80.63 91.37 0.0287
70.58 80.71 91.45 0.0286

Table 2. Temperature of pipe, determined with different method and thermal conductivity coefficient 1, calculated

based on it

sample number

sample no 1
sample no 2
sample no 3

assumed pipe temperature in °C

70 80 20
determined temperature on casing surface on pipe j in °C
24.26 2515 26.16
23.85 24.60 25.59
24.19 24.98 25.86

Table 3. Mean temperatures at casing surface of pipe

peratures of pipes determined by
method I to IV.

The method of determining tem-
perature of pipe influences its value
and determined on its basis thermal
conductivity coefficient. And that is
why the method of determining the
line pipe temperature is not option-
al.

Comparing the mean value of line
pipe temperature determined by
method I (OBRC) and I (according
to standard), depending on sample
and assumed temperature of line

pipe, the maximum difference be-
tween the resultsisAT = 0.7 K. [t has
small influence on the value of insu-
lation thermal conductivity coeffi-
cient, causing its maximum change
0f0.0002 W/(m-K). It means that ac-
curacy of both (OBRC and accord-
ing to standard) is comparable, and
their precision is very high.

The mean temperature of pipe de-
termined by method III (in one sec-
tion) and IV (one point measure-
ment) in considered cases, differs
depending on sample and assumed

temperature of testing pipe by a
maximum of AT = 2.44 K. This influ-
ences the results of the determined
thermal conductivity coefficient,
with a maximum deviation of
Alsg = 0.0009 W/ (m-K) concerning
method III and a maximum devia-
tion of Alsg = 0.0012 W/(m-K) con-
cerning method IV.

In case of test stands where the
line pipe is heated by air or oil, when
the testing segments of pipe are
long or the axial heat flux compen-
sation is improper, the differences
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of pipe temperatures determined

with different methods will be con- 0.0298
siderably higher than in the pre- W/mK
sented case. This will cause even 0.0296
higher differences in thermal con- ot

ductivity coefficient values.
0.0292
Influence of how to determine
the Casing Surface Temperature
of the Pipe on the Thermal
Conductivity Coefficient

0.0290
0.0288

0.0286

Sample number 2 was taken into
analysis, which characterised the
lowest temperature difference at
surface of pipe in the three measur-
ing cycles 70 °C, 80 °C, and 90 °C. A
For determining the mean temper- = ==k ——
ature value of the casing surface  Figure 4. Values of thermal conductivity coefficient calculated based on
analogous methods were used to  temperature of pipe determined by different methods — sample no 1
these applied in case of pipe (figure
7, table 4).

» from measurements realised by
16 thermoelements located in 4

| LA IEBESEC LD T RTINS I V9
The method of determining of mean temperature line pipe

0.0284

Thermal conductivity coefficient

pipe sections, every 90° on perime- 0.0286
ter — methodV, used by OBRC, W/mK
« from measurements realised by 4 0.0284
thermoelements spiral distributed

along casing pipe testing segment — AR
method VI, describe in standards [1] £ 00280

and [2], .
* from measurements realised by 4
thermoelements located in one sec-
tion of casing pipe, every 90° on
perimeter — method VII,
¢ from measurement realised by on- 0.0274 i o & & & & & B
Iy I thermoelement — method VIII. I LIEASIER  IEC IEDIEGNAT i N3 7 Ve
The temperatures of the pipe sur- The method of determining of mean temperature line pipe
face determined by methods I, II, 111
and IV, the temperatures of the cas-

ing surface determined by method ; - o
V, VI, VII and VIII measured in mea-  Figure 5. Values of thermal conductivity coefficient calculated based on

suring cycles 70 °C, 80 °C, and 90 °C  temperature of pipe determined by different methods — sample no 2

as well as the thermal conductivity
coefficients A for selected config-
urations is presented in table 5.
Figure 8 shows values of the ther-
mal conductivity coefficients A5 in
W/(m-K), calculated for different L W/mK
configuration methods of measur-
ing the pipe’s surface and casing
temperature for sample number 2.
The method of measuring the cas-
ing surface temperature similarly to
surface of line pipe temperature in-
fluences on the achieved mean val-
ue of temperature and determined 0.0286
based on it thermal conductivity ‘J J
coefficient. For this reason the se- poz2sgq BN EE &8 & & &8 e
lection of method of determining it s | LB SS I IER T DL DAt NS e IV S i V8
mean value of casing surface is not The method of determining of mean temperature line pipe
optional.
From comparison of values of = e P I s v vven|

mean temperatures of casing, de- 4 e i
termined for sample number 2 with ~ Figure 6. Values of thermal conductivity coefficient calculated based on

method V (OBRC) and VI (according ~ Pipe’s temperature determined by different methods — sample no 3

0.0278

0.0276

Thermal conductivity coefficient

§179.5

0.0288

Thermal conductivity coefficien
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Figure 7. Distribution of 16 thermoelements for measuring the temperature of casing pipe applied in OBRC (1, 5, 9,
13-up;2,6,10, 14—front; 3,7 11, 15 - bottom; 4, 8, 12, 16 — back)

method of determining
the temperature
V (OBRC)
VI (spiral, according to standard) A
B
L
D
VIl (in one section) |
I
11
i IV
| VIl (in one point) n

thermoelements

number of marking of

thermoelements
1-16
1-6-11-16
2-7-12-13
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Table 4. The method of realisation the casing temperature measurement

0.0288

W/mK
0.0284
0.0280

0.0276

0.0272

0.0268

IV |
ILA/VLA |

I.C/VI.C
I.D/VI.D
I.C/VLD
I.C/VI.B
IL.C/VLA

I1LB/VIB |
ILB/VIA |
ILB/VLC |
ILB/VID |

The method of determining of mean temperature line pipe/casing pipe

HLI/VILL |

LIV

IV7/VIILTT |

IV.9/VIIN.2

IV.9/VIILT1

IV.7/VI1.2 |

Figure 8. Values of thermal conductivity coefficient calculated based on pipe
/ casing pipe temperature determined by different methods — sample no 2

to standard) results that the maxi-
mum difference between the results
is AT = 0.52 K, which does not highly
influence the value of determined on
its basis thermal conductivity coeffi-

cient, which varies around Ag,=
0.0004 W/(m-K). This means that the
accuracy of both methods (OBRC
and according to standard) is com-
parable and their precision is high.
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Mean temperature of casing
pipe determined by method VII
(in one section) and VIII (one point
measurement) in considered case
differs depending on assumed
temperature of tested pipe of
about AT=1.97 K, which results
in a maximum deviation of the ther-
mal conductivity coefficient of
Ahgg=0.0012 W/(m-K) concerning
method VII and a maximum devia-
tion of Alsy = 0.0015 W/(m-K) con-
cerning method VIII.

In case of heterogeneity of insula-
tion structure, cavities presence
and empty places in PUR foam,
large (>+5 %) dispersion of insula-
tion apparent density, pipe’s and
casing’s misalignment, and vari-
ability of external temperature dur-
ing sample testing (AT> 1K), the
differences will be higher than in
the analysed case. It will cause even
higher differences of thermal con-
ductivity coefficient values deter-
mined for that same sample.

Summary

During determining the insula-
tion thermal conductivity coeffi-
cient, the method of specifying
the mean temperature of the pipe
surface and the mean temperature
of the casing is extremely impor-
tant. The measurement must be
performed with a minimum of 8
thermoelements located on the
whole sample’s measuring seg-
ment length, distributed spiral on
perimeter of both surfaces. In or-
der to increase of accuracy of
measurement it is advisable to in-
crease the number of thermoele-
ments during investigation, for
example the method conducted
by OBRC. It is inadmissible to use
temperature measurement in one

/2010



sample section and point mea- Method assumed pipe pipe temperature casing temperature Asg

surement. configuration temperature in °C in °C in °C in W/(m-K)
Divergence between the values of 70 s SR
insulation thermal conductivity co- LV i

efficients made of the same materi- = e 0.0250 ‘

al system and with close mean ap- 30 89.98 25.59
parent density, determined accord- 70 70.08 23.93 |
ing to requirements of standard EN LA/ VIA 80 79.97 24.71 0.0280
ISO 8497 and EN 253 may testify of 90 89.96 25.68
for example: insulation heterogene(i 70 69.64 23.92
ity or misalingnment of casing an
et B / VLB 80 79.96 24.68 0.0281
Up to now the researches per- 90 89.93 25.75
formed in OBRC concerning ther- 70 70.13 23.92
mal conductivity of pipe unit seg- I.C/VIC 80 80.03 24.70 0.0279
ment were done for insulation with 90 90.03 25.71
casing jaclf<et after previous remov- 70 70.12 23.62
ing them from pipe and mounting
on specially prepared testing pipes, Sl iy a8.91 i 02re
fulfilling the role of line pipes. 90 90.01 25.23
Thanks to modernization of re- 70 70.13 23.62
search stand, form this year OBRC IL.C/ VLD 80 80.03 24.30 0.0278
performs the investigations con- 90 90.03 2523
cerning thermal conductivity coef- 70 70.13 23.92
ficient of preinsulated elements ac-
cording to standard EN 253:2009, so iS00 89 8003 2208 T
using fully prefabricated product 90 90.03 2575
without the necessity of removing 70 70.13 23.93
insulation. ILC/VIA 80 80.03 24.71 0.0279
90 90.03 25.68
References 70 69.64 23.93
[1] ENISO 8497:1996: Thermal in- | "B/ VA & 79.96 2471 0.0282
sulation — Determination of 90 89.93 2568
steady-state thermal transmis- 70 69.64 23.92
sion properties of thermal in- IL.B /VI.C 80 79.96 24.70 0.0282
sulation for circular pipes. 90 89.93 25.71
[2] EN 253:2009: District heating 70 69.64 23.62
pipes — Preinsulated bonded LB /VID 80 79.96 2430 0.0281
pipe systems for directly (G : g ’ 4
buried hot water networks — 90 89.93 2523
Pipe assembly of steel service 70 69.35 24.48
pipe, polyurethane thermal in- L1/ VILL 80 79.21 25139 0.0288
sulation and outer casing of 90 89.01 26.42
5 LT e A R 70 70.67 23.47
3] Wisniewski, S.; Wisniewski,
T S.: Heat transfer, WNT, 2000. LI/ VLI 80 80.56 24.18 0.0274
[4] Furmanski, P.; Wisniewski, 20 90.71 25.18
T. S.; Banaszek, J.: Thermal in- 70 68.77 23.29
sulations. Heat transfer mech- V.7 /VIILT1 80 80.41 23.90 0.0280
anisms, thelmar propertis and 90 90.44 24.61
their measurments, Institute of 70 68.77 24.62
Heat Engineering Warsaw Uni-
versity of Technology, 2006. m V.7 / VL2 80 80.41 25.49 0.0287
i 90 90.44 26.58
70 70.73 23.29
. 5 V.9 / VIIL.T1 80 80.65 23.90 0.0272
Katarzyna.Abatorab@spec.waw.pl 90 90.82 2461
70 70.73 24.62
V.9 /ViIl.2 80 80.65 25.49 0.0279
c = e

www.spec.waw.pl

Table 5. The temperature of pipe and casing determined with different
method and thermal conductivity coefficients 150 calculated for different
method configuration

http://www.spec.waw.pl/o_firmie/
0_nas/organizacja/obrc
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