Quantitative hed loss detemination by means of
infr ared themmography - The TX model (1996 N4)

Summary

This repott is the fnal report of the IEA
District Heding Pioject,Annex 4,
“Supewision of Distict Hedaing Networks.
The aim of the mject was to futher anajze
and \erify a method deeloped edrer for
detemining the hetloss fom kuried distict
heding pipes ly measung the tempetture
profile on the gound surhce dove the pipes.
The tempesture measwments can be made
by means of infared (IR) themography using
equipment sut as moder IR themography
cameas.

The eport descibes the wrk done in thedur
co-opeating counties Denmak, Finland,
Sweden and USAdr verifying the TX model
estdlished in vork performed in IEA,

Annex 3. The TX model lypothesies thathe
tempeature distibution on the gound surace
above the pipes coesponds - under dain
circumstances - to the hdass flom the pipes.
By including the major infiences of the
climate, especial of the wind and the
chandng surfice tempeture, we have deived
a semi-empical equéion for the hetloss
when theTX factor i. e. the intgral of the
surface tempeature piofile acioss the pipgs
measued This model is called the adnced
TX-interpretaion modelATXIM.

Two kinds of ivestigations hae been
performed duing the \erification phase:
Simulations and epeiimental @aludions on
test felds.

Simulations hae been pedrmed with a ihite
difference pogram sinulating the hetflow in
the gound and beteen the gound suréce and
the suroundingsA computer pogram
developed edier was modifed for reading
actual vegher daa based on holy mean
values.The piogram was useddr sirulating a
multitude of cases with diérent dimate and
soil conditionsAs a esult of these studiesew
detemined thathe wind is a gty important
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parameter decting theTX value By induding
the mean wind elocity of the last 7 hosrin
the ATXIM, the @reement beteen the
simulation andATXIM could be signifcantly
improved Other impotant paametes ae the
burial depth of the pipesand the bang of the
pipe tempeatures duing the peceding veek.

In pallel, expeiimental &aludion of theTX
model was caried out on testiélds in the dur
counties with pipe systemsther healoss
was monitoed s@arately. In these testdlds in
Denmak, Sweden and USAtempesture and
enegy losses could be monitd contimousy,
and in some cases also thé factor could be
deiived ty measuements of the suate
tempesture piofile with tempeature sensa.
We discoered however, tha IR measuements
are the mosteliable way of measung theTX
factor When theATXIM was gplied to IR
measuements of th@ X factor on the thee
test felds,and also to &X evaludion of
eafier measuements on a tesield caried out
in Finland the esult was in easonble
agreement with the hedosses meased in
corventional vays.

Hence it can be cohaded tha under cetain
well contwolled conditionsthe healoss of
pipes in distict heaing networks can be
detemined quantittively by analysing the
TX proofile. The TX profile is best measaed
using an IR thenography camea, of which
there ae a umber commarially available.
The surbce nust be unibrm over the
integration width which should be beteen
3.5 and 5 mThemography can be pplied
a both night and daconditions but the
surface of the test aa nust hae been
irradiged unibrmly duiing the last hoyr
preferably longer. Wet surfices andain
conditions nust be soided Grass surces
and ungen suréces a difficult to evaluae.
If these caeds ae obseved it is expected
tha measuements will ahieve an accuacy
within + 20%.



Intr oduction

In those countes which have used distct
heding for mary yeass, a nev concen has
recenty aisen:Cettain distict heding
networks ae gproading the end of their
technical lifetimes and the he&oss in older
piping netwrks has the potential to irease
significantly. In order to datt the equirements
and esouces br maintenance measg,it is
important to be ble to diaynose the conditions
of the piping netwrk, most impotantly the
hed losses fom the pipes.

Historically, several different methods hee
been useddr detemining the hetloss flom
buried pipesA suivey of these methods is
given by Borgstrom,1991.The most
commony used method of measog hea
losses fom pipes has been to &kut a pipe
specimen to the boratory and to measerthe
hed loss in a contlled steag-stae
expeiiment. Sub type of meas@ments of
different types of pipe systems lading water
pipe, insulaion and outer casing has been
performed ly Calsson et. al. 1963. In these
expeiiments,tempesture sensa and veter
flow metes were used ér detemining the
overall hed loss flom the pipes.
Jonasson,198@)as perbrmed meas@ments
on pefabricated joint pipes ® essentiail
measuing the tempeature difference betwen
distribution water and pipe casindgogether
with air and gound tempeature, by means of
themocouples and compgag the esults with
theoetical xpressionsifting the ight set of
parametes. Phettplace et al.1991,has
conductediéld expeiments compang several
methods of measimg hea losses on opeting
systems. BennBghm,1990,introduced heta
flux metes for measting the hetloss fom
buried pipes and comped theseasults with
results calculieed from the meased
tempeesture distibution in a section
pemendicular to the pipdhe poblem of hea
flux metes has beenttibuted to their
calibration with the surounding (unknan)

ground popeties. Magaretha Bogstrom,
1994, made a ery detailed stug of the het
loss flom prefabricated pipes § means of hda
flux metes. In this case heever, the pipes
were locally uncorvered from all soil and hence
the surounding media as air and a ell

known shielding insuléon.

One other method ineasingy used ér
qualitaive healoss detection and s$tes
contmol of distict heding networks is based on
airbome and gound bone themography. In
this method the maping of the gound
tempesture can be used tawg qualitaive
informaion aout the netwrk condition,
mainly with the aim of ihding leaks ( Basdh,
1979; Ljungbeg, 1987; Hansenl987).These
techniques ely primaiily on rlaive thanges
of the tempeature patem along the pipe

With the help of mae refined anaftical
methods it should be ultinely possiltte not
only to trace leaking media pipelsyt also to
detemine the condition of the insuian.

In the quantitdve hea&loss anajsis, it is
presumed thiathe tempeature piofile on the
ground surice &ove the pipesmeasued in
the dilection pependicular to the pipe
alignment,is related to the pipe hedoss.
The basic idea is th#he intgyral of the
tempesture \aiiation acoss the pipgecalled
TX, is a function of the h¢doss. Obiously
TX is also affected ly other paametes sut as
depth, hed diffusivity of the gound and so on.
By including all of these pametes in an
interpretaion model it is poposed thone
may detemine the amount of hedoss
guantitdively and hence to éw condusions
about a potential dange to the potectve
casing or the pipe @ers, 1989; Rerers and
Jonsson1990). kgure 1 illustetes this basic
idea.

A more detailed anghkis of theTX model was
caried out within the IEA - DH&C Rigram -
Annex Il and reported ky NOVEM (Jénsson,
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Figure 1: Themagraphy of turied distiict heding pipes and th&X-profile.
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Zinko, 1992).The ana}sis was based oridld
measuements aStudsvik and on argund
simulation model thaused ihite difference
techniques in combirteon with a model
climate. The esults vere also tested in a
limited field gpplicaion.

In addition to a plysical desdption of the
pipe and of the suwunding gound the fnite
element model ifodes feezing and
evaporation of water in the gound and on the
surface solar adiaion, snaw, rain,
condenston, corvection,wind, and the
exchang of IR ladigion between the gound
and the tmosphee and the suoundings,
respectiely. However, the intepretaion
model - called’X-model was deived for

a limited set of conditions casponding

to varations of some of the pametes
discussedlzove.

The objectie of this phase of the gject is to
further deelop and erify the method of IR
hed loss @aluaion on distict heding pipes ly
means of th& X-model to detamine its
potential and limitdons for detemining the
staus of pipes and its posstbuse br planning
sewrice and maintenance on the netkv

The work which has been caed out indudes
the following items:

* Installdions of test sitesof TX-
measuements in diferent counties

* Modelling of test-sites with thergund
model sinulation program

« Expeimental \erification of the model with
test-feld results

¢ Refining the model ® systeméc sensitvity
studies

* Applicaion of theTX model in IR feld
suveys

Condusions and Recommendidons
The following condusions and
recommenddons can be @dwn from our
findings:

The poposed modeldr quantitéive
temography anayses has been shio to
expand the ange of gplicability of
corventional themography evaluaion. The
TX model epresents a possibilityof the
guantitdive (instantaneous) deteination
of hed losses fom kuried pipes.
Themography duting exposue to long
wave and solaradidion is possike if the
surface is unibrmly exposed to the
radigion and if it has a unifrm emissiity
within the surfce aea to be angked The
TX model can beplied under suitale
conditions &both dg and night.

It has been shen tha the wind has aery
strong influence on the instantaneoliX
factor It is induded in theAdvancedT X
Intempretaion ModelATXIM. TheATXIM
includes wind conditions durg the last

7 hous bebre the themography
measuementsThe model is grified for
wind speeds up to 10 m/s.

Rain conditions and &t and dying surfaces
as vell as fiost in the gound ae not
suiteble for quantitéive healoss anajsis
using theT X method

The following paametes ae induded in
the ATXIM: Average wind speed\er the
last 7 hous, the themal conductiity of the
ground the hurial depth of pipesand the
integration half width X.

Factoss tha can be optionaflincluded ae
the dhanges of the sugce tempeature
during the last 5 hogrand of the pipe
tempesture duing the last wek.

The themal conductiity of the soil has - in
contrast to a common opinion - gn&
relative small infuence on the hédoss.The
exact soil composition and thelue nust
not be knavn precisey for detemining the
hed loss.

Expeimental \erification of the model
included a dpth of 1.1 m and an ingeation
width 2X up to 5 mThe hurial depth of the
buried pipes is an imptant paameter and
should be knen as tosely as possile.
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¢ The plysical popeties of the sudce lger
and the sudce itselfas well as the .
irradigion, must be uniérm.

¢ Asphalt shingles ere shavn to be useful as «
a reference cwer on non unidrm surfbices
or surbices with undéfied plysical
propeties.

» TheTX model cannot bepplied on gass
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surfaces and uwven suréces.

The eror of the model should under
suiteble conditions be withirt 20%.

We recommend fuher evaludion of the
applicdion of TX model as gpressed ¥ the
ATXIM in the couse of pactical feld
themography suwveys in oder to deelop the
procedue for a cameaa-integrated TX option.



