Advanced enegy transmission fuids for District
Heating and Cooling (1996 N2)

Intr oduction

The gplicaion of diag reducing aditives in
distiict heding networks is a pomising
technolagy to improve the competition
conditions of those systenmBhe pessue loss
and theefore, the pumping costs ofkisting
networks can beeduced or their gmacity can
be inceasedThe pipes andttings of nev
planned netwrks can be designed in smaller
diametes. Other possibility to use theadr
reducing effiect ae the dearase of the supypl
tempesture due to an ineasing masddw
while keeping the caacity constant or the
integration of further (far avay) hed souces
which becomes ogleconomic due to
deceasing pumping costs. Resoes can be
saved and the pollution of the @nonment can
be reduced

During the last 13 gass, lots of irvestigations
concening the aplicaion of cdionic
surfactants as dg reducing aditives hae
been caied out in Canadd)enmak, Finland,
Gemary, Korea,The Nethdands,Sweden
and the United Stas. Expeéments with
different kinds of ctionic surictants sut as
Ethoquae, Habon(-G),Obon(-G),Dobon(-G),
C,sTASaletc have been caied out.The efects
on pressue diop behaiour in staight pipes,
helical tubes as &ll as the haaransgr
behaiour in those gometies hae been
investiggted The heatranser of shell and
tube helical tube and pta he& exchangers
has beenxamined Futhemore, hea metes,
fittings, pumps,the corosion behwiour,
ervironmental aspects and@r hammeng
have been iwestiggted when using dig
reducing suictants.

In laboratory tests and full scale westigations
in Denmak, Gemary and the Nethéainds,the
geneal suitdility of cationic surfctants -
especialf of Habon-G and Dobon-G in
combindion with Sodiumsaliglate - as dag
reducing substancesrfdistict heding
systems could be pven. Based on those
results strategies to @ply surfactants ineal
district heding systems hae been desloped

Several impottant pojects hae been suppted
of the IEA. Impotant subjects sicas
ervironmental aspectghe inluence in a lage
scale plée he& exchanger, corosion behaiour
etc have been inestigated within the bounds
of projects suppded ky the IEA.

Under IEAANNnex IV, four piojects concering
the ield of reseach “AdvancedTransmission
Fluids for Distiict Heding and Cooling” have
been suppded Several institutes and
companies of dierent counties hae been
caried out theogtical and rpeimental work.
Some of this wrk has been planned and
caried out in coopetion with various
patners.

The first pioject (pojectA) is dealing with the
simulation of the beha@our of compehensie
transpot networks with special considation
of hed exchangers which searate the tanspot
system fom the distibution netvork.
Simulation results br the gplicdion of
surfactants in agal system & gven.Within
the cont&t of projectA, economic calculéons
have been cafed out.These calculions
consider gneal models andige an @erview
of the saings in costs Wich can be xpected
under cetain conditions.

In the second pject the infuence of dag
reducing aditives in small domestic hea
exchangrs and onlbw metes which ae
installed in small consumer $itans has been
detemined Four different kinds of heia
exchangers and bur diferent fow metes hare
been ivestigpted

Aim of project C vas the collecting of da
and inbrmation about commetially available
drag reducing suictants and ofegulations of
different counties conceming the aproval of
drag reducing aditives in distict heding
systemsTherefore, a questionna@ has been
developed which was handed to all memlser
of the Expets Gioup“AdvancedTransmission
Fluids for Distiict Heding and Cooling'to
register the stee of conditions of the di¢érent
IEA member countes.

When using dig reducing aditives inside
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pipes,the heatranskér from the fuid on the
inner pipe aga is educed signi€antly.
Therefore, the last poject has been aded out
in which the impovement of the hea
transmission conditions in tuberdle hea
exchangers by installing turlulence inceasing
obstates inside the pipesas irvestigated

A. Modelling of the Location and
Requirements br Heat Exchangers in
District Heating Networks using Friction
Reduction Additives

In the contgt of this stug, a sirulation

program for calculding the behaiour of

district heding systems opating with drag
reducing aditives has been deloped The
behaiour of distict heding transpot systems
as wvell as of single components - espewiall
typical hea exchangers sud as plée, shell and
tube and helical tube hieexchangers - can be
calculded with the pogram“TenSim”,when
applying drag reducing aditives.

The sinulation program can be used to modify

existing netvorks and ceae nev district

heding systems toaalize the opeation with
surfactant solutions. Single system fsar

(existing and aditional necessardevices) -

results calculed with“TenSim”reproduce the
real lesults suficiently.

A necessar condition br the gplication of
drag reducing aditives is the economic
viability. Compaing the modifed system
working with drag reducing susctants (thia
means the optiom tedwnical solution vhich
has beendund with the sinalation tool) and
the oiginal systemppeiting with pue water,
it is possilke to estimée the sgings in cost due
to the aplication of surhctants.

Therfore, cost functions hae to be ealuged
in further studies to bebke to calculte the
investigations tha are causedypthe adlitives.
Those functionsdr Geman conditions hae
been deeloped in seeral studies cared out &
the Unversity of Dotmund

Furthemmore, economics calcuteons hae
been caiied out. In this studies genesl
model has been used to estinthe potential
in saving costs on pnciple.

Next stgp concening the aplication of drag
reducing aditives in distict heding systems
should be the simiation of concete tanspot
systems withTenSim”- including the
modifications. Futhemore, economics
calculdions (estim#ons) should be ceed out

especialf hed exchangers - can be designed or for real systems togd the necessar

modified to abieve a design Wich guaanties
a well working opesting mode

By simulating several cases of mod#d
systems and comgag the esults of the
simulations,an optimum tednical solution can
be adieved

In an &kample calculdon the sinulation
program has been testebhe test system (the
systemvoélklingen Luisenthal) has also been
used br a long tem full scale test (@plicaion
of Dobon-G/Sodiumsalidate), so tha all
technical dada (dda for gppatus like pumps,
hed exchangers, pipes,geagraphical daa etc)
were available as vell as esults or the
opewtion with diag reducing aditives.
Therefore, simulation results could be
compaed with esults of aeal gplication.
The compason shaved tha the sinulation
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informations @out the economic aspects of the
applicaion of diag reducing aditives in
existing distict heding networks.

B. Experiments on the Efects of Fiction
Reduction Additives on Substances
This report discusses theesults a NOEM-
supevised irvestigation aimed aassessing in
how far the suidictant Haon-G caneduce
friction losses in domesticater suppy systems
utilizing hed from distict heding systems.
Eatier work has shwn tha Habon-G when
added to hettranspot systemshas a
beneicial effect on the equired pump
cgpacity. Habon-G poduces a laminatdw,
and this educes not owlthe fiiction losses in
pipelines ot also the heaaranser.
This report discusses the fefct of Hdbon-G on



both paametes as obseed in bur different
hed exchangers and heiaflow metes used dr
domestic vater suppy systems.

For the puposes of the pisent inestigation a
test fcility was made in Wich the distict
heding circuit is sinulated ky a dosed loop
which induded an adjustde electic heder.
The domestic ater circuit was connected to a
high-caacity water suppy boosterThe hea
exchangers and hetaflow metes were
integrated in the &cility and could be insexd
one a a time into either cauit by means of
ball valves.

Measuements made on the heschangers
indicate thd all four he& exchangrs meet the
specifed requirmentsalthough thex ae
some diferencesThe fow in them still seems
to be turlulent,despite the laminising &fct of
Habon-G

The heaflow metes do not all meet the
requirmentsTwo were found to be Beror
and their inaccuaryy increased with inerasing
Habon-G concenttions. The pecentaye erors
of the other tw metes were belav the
threshold and wre not afected ly the
presence of Haon-G

As obseved ealier, adding Habon-G to the
water in distict heding systems has a
beneicial effect on thelbw resistance and
reduces the heédosses in theefed linesThe
present inestigation shavs tha addition of
Habon-G does not &ct the heiatranser in
the domestic ater suppy system in ay
maerial way. However, a ciitical assessment of
the type of heiaflow meter to be used is called
for.

C. Survey of Environmental Restictions to
the Use ofAdditives in District Heating
and Cooling Systems

Aim of this pioject is the collecting of da and

informaion aout commaegially available drag

reducing suictans and ofeguldions of
different counties conceming the aproval of
drag reducing aditives in distict heding
systems.

Bruun & Séensen has eged a questionnagy
which was handed to all memiseof the
Expet Group to egister the stee of conditions
of the diferent IEA member courigs.

The poject was stated d the bginning of
October 1994The questionnadr was anwered
from nealy all member couniies (Canada,
Denmak, Finland Gemary, Korea,Sweden,
The Nethdiands and USA). B& S has
analsed the angers ans summéed the
informaion. An unambiguous cotgsion
coveling the situ#ion in all counties cannot be
drawn. In most countes thee ae no concete
rules elaed to this ne technology.

It seems to belear tha a cetain reluctany
towards the intoduction of me adlitives in
geneal is a commonttitude Zhe tetinology
has not been déged in ary of the counties.

The actvities on this feld ae finished The
final report of project C,“Survey of
ervironmental Resittions to the Use of
Additives in Distict Heaing and Cooling
Systems'was dosed in My 1995 and is
available.

D. Impr oving of Hea Transmission
Properties of Tube Bundle Hed
Exchangers by Installing Obstades
inside the Pipes

In this stug the heatranskr and pessue

drop of dieg reducing suictant solutions

inside staight pipes with obstées has been
investicgated Therefore, an isting test ig,
mainly consisting of tw dosed loops (oneof
cooling and onedr heding), has been
modified. As caionic surbictant,Habon-G

(hexadegldimethlypolyoxethylammonia-

cdion and 3-droxy-2-nghthode as counter

ion) has beenpplied

Spiral spings of diferent pitthes hae been

used as obstées to incease turblence and

therefore, the he&transkr which is
significantly deceasing wen gplying drag
reducing aditives (up to 9%6). The spings
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consist of wie made of stainless steel of a
diameter of Inm. The diameter of the sipg
has been a little bit higher than the inner
diameter of the pipe to guartee a céain
suppot.

For pue weter the installdon of the obstdes
leads to an in@ase in hdaranser of nealy
100% in maxinum. The behsiour is
dependent on the pitc The darmcteistic for
the 8mm and the 18m spings ae almost
identical while the Nusseltumbes of the

24 mm sping are smaller

For surfictant solutions the heanser
behaiour stiongly depends on conceration,
tempeature and pitb. For 500wppm the
improvement in hetranser is ony small.The
conditions of the agin stae (water without
obstates) - which is the equiement ér a
sufficient opeation with surictants - cannot
be raded with this concerdtion.

The Nusselt lsaacteistic is paallel belav tha
one Pr water without spings.

In contrast to the 50@vppm solutionthe
125wppm and 25Q@vppm shav a completst
different behgiour. At low Reynolds umbes
the damcterstics starin the ange of tha one
for weter without obstdes andise - d a
cettain Re/nolds rumber - up to thealues or
water with obstales. This ciitical value is
dependent on concertion, tempeeture and
pitch of the sping. With increasing pitb the
critical point is maing to higher Rgnolds
numbes as vell as with inceasing
concentation. With increasing tempeture, the
critical values also mee to higher lbw
velocities until a ceain tempegture, which is
dependent on conceistion, is reated Behind
this point,the \alues a@ moving to lover
Reynolds umbes and the lcaacterstic is

drag reducing efiect is wealening

For a concengtion of 250wppm,the he&
transer conditions of the @in stae can be
readed with the 8nm spimg aove
Reynolds= 25,000 and with the 1&m sping
above 56,000. Br 125wppm,the conditions of
the oigin stae can begated with all
investigated spings (for the 24mm sping, the
condition Re> 47,000 has to be fiillied).
Therefore, the aim to eat the heatranser
coeficients of pue water without obstdes
could be eated under céain conditions.
On the other handneasuements of the
pressue diop sheved a signitant incease
This incease is - compad to the inaase in
hed transkr - supepropottional.

The stongest incease could be obsed

for the 8mm sping for 250wppm. In this
case the mssue diop is inceasing of hout
850%.

The damacteisitc couse of the dag
chamcteristic mainky shavs the same
dependencies as the Nussdia@cteistics.
The most impdant influence has the pitcof
the sping. Compaing the 8mm and the

24 mm sping for a 250wppm suréctant
solution,the pessue diop inciease of the

8 mm sping is 850% in maximum compaed
to 200% in maxirmum for 24mm.
Consideing the tebnical gplicaion and
assuming thiathe heatransgr has to beta
least as lage as br water without obstdes,an
enomous pessue diop inciease has to be
spent.Thus,for the tetinical gplication,
detailed calculions of the banged conditions
of the complete system ¥ to be caied out
in order to hed the installéion of spial
splings inside pipes as a meastio impove
the behgiour of tube lindle heaexchangers

moving to higher Nusseltumbes because the when using dig reducing aditives.
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