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Nekateri vidiki uporabe toplotnoizolacijskih materialov
Some Aspects of the Use of Thermal Insulation Materials

GREGOR RADONJIC - ALES HAUC - JURIJ KROPE - VOJKO MUSIL

Uporaba toplotne izolacije je izredno pemembna za energetsko ucinkovito obratovanje.
Zato je treba njeni pravilni izbiri posvetiti vso pozornost. Vendar pa izbira in uporaba toplot-
noizolacijskih materialov oziroma nacrtovanje izoliranja ne posega le na podrocje energetike,
temved je ozko povezana z ekonomiko investiranja in vedno bolj tudi z izbiro ekolosko
neoporecnega toplotnoizolacijskega materiala. V prispevku med drugim poudarjamo, da se je
nacrtovanja in izbire toplotne izolacije treba lotiti sistemati¢ne in pri tem upostevati razliéne
vidike, V prispevku tudi opisujemo primer izoliranja ventilov in mo2nost za veliko zmanjsanje
toplotnih izgub. Optimizacija debeline izolacijskega plaséa ventila je bila izvedena z grafi¢no
metodo iskanja minimuma skupnih stroskov. Obravnavali smo tri razliéne oblike izolacijskega
plaséa ventila. Toplotne izgube smo delo¢ili z metodo robnih elementov.

Thermal insulation is vital to energy efficient operations, thus its appropriate selection
and aplication is very important. However, the reduction of energy consumption is not only
a gquestion of power engineering, but is closely connected with economics of investment and,
increasingly, with the selection of the ecological appropriate thermal insulation material. The
aim of our paper is to emphasize a systematic access to planning and selection of the thermal
insulation where we must also consider the economics and ecology. As an example of an
efficient insulation, the idea of valve insulation is presented. Optimization of the insulation
thickness for valve jacktes was carried out by the graphical methed of determining the
minimum total costs. Calculations were made for three different shapes of insulation jacket,

and heat losses were determined by the boundary element method.

0 UVOD

Izolacija je %e wvedno eden najpreprostejsih
natinov, s katerimi se da ufinkovito prihraniti
toplotna energija. Vendar je to le eden izmed
razlogov za uporabo izolacije. Drugi so Ze: zaZ&ita
delavcev, nadzor temperature procesnega fluida in
nadzor kondenzacije. Upravitenost ufinkovitega
izoliranja ponazarja na primer podatek, da izola-
cija prihrani ameridki procesni industriji letno
priblizno 60 milijard amerigkih dolarjev [1]. Ne-
kateri industrijski obrati, na primer tisti, ki
vkljutujejo kriogene sisteme ali parovode, bi bili
popolnoma negospodarni brez uporabe primerne
izolacije. Toplotna zas¢ita poslopij, poleg prihranka
toplotne energije, vpliva % na mikroklimatske
razmere v njih.

Toplotno izoliranje je nedvomno nalofba. Ob-
dobje vraZila nalozbenega vioika v nalotbo toplot-
ne izolacije se podaljfuje, &e vrednost vlozka ra-
ste tez neko mejo. Zato obstaja zgornja meja
donosnosti take nalozbe. Zaradi tega je treba do-
loiti optimalno debelino izolacijskega sloja, kjer
je vsota strodkov toplotnih izgub in izoliranja

najmanjsa.

0 INTRODUCTION

Thermal insulation is still one of the sim-
plest ways to achieve efficient heat energy sa-
vings. However, this is just one reason for the
use of thermal insulation. The others are per-
sonnel protection, condensation control and pro-
cess temperature control. The following example
shows the expedience of thermal insulating. Ther-
mal insulation saves the U, 8. industry almost
60 billion USD per year [1]. Some processing
plants, including cryopene systems or steam-
lines would be completely uneconomical without

the use of the appropriate insulation,

Insulation means an investment. The return
of investment period can be prolonged if the in-
vestment is too high, i.e. there are limits to
economical investing. It is, therefore, necessary
to determine the optimum thickness of insulation
where the sum of the heat loss costs, and insu-
lation costs, is minimum.
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Gibanja cen toplotne izolacije in toplotne
energije dokazujejo, da je optimalno izvedena na-
lotba v toplotno izolacijo objektov in naprav
upravitena. Novejse tehnologije so omogotile ce-
najfo proizvodnjo toplotnoizolacijskih materialov,
obenem pa je mogote opaziti realno poveéanje cen
toplotne energije. Slika 1 prikazuje gibanja stal-
nih indeksov cen toplotne izolacije iz trde poliu-
retanske pene z debelino 100 mm in gostoto 40
ke/m® (Plama Podgrad) ter toplotne energije
(Toplotna oskrba Maribor).

Cene izolacije in toplotne energije so izratu-
nane na podlagi povpreénih cen, izratene pa so v
slovenskih tolarjih in nemskih markah. 5 kon-
verzijo cen v nem&ke marke po povpredénem me-
sefnem srednjem tecaju DEM Banke Slovenije
smo Zeleli prikazati pribliZno stvarno vrednost
navedenih kategorij.

S slike 1 je razvidno, da so se povpretne ce-
ne toplotne izolacije (trde pene PUR) v sloven-
skih tolarjih od leta 1991 do 1993 zvisale, dejansko
pa so padale. Tega ni moé trditi za cene toplotne
energije v SIT, saj so se v prej navedenem
obdobju precej zvisale, kar velja tudi za cene, iz-
razene v DEM (zaradi pribliznega prikaza njiho-
vega realnega povecanja). Vpliv paritet obeh va-
lut pri tem izratunu zanemarimo.

- Mizolacija — insuation
H toplotna energija
" thermal eneray

Okt.91 Mar.92 Avg.93

(a)

The price ranging of thermal insulation and
thermal energy proves that the investment in in-
sulation can be justified. New technologies enable
a cheaper production of thermal insulation mate-
rials. In addition, a price growth in real terms
can be seen in relation to the thermal energy pri-
ces. Figure 1 presents a price index ranging of
thermal insulation (rigid polyurethane foam) with
a thickness of 100 mm and a density of 40 kg/m®
(Plama Podgrad), as well as thermal energy
(Thermal Board Maribor).

The prices of insulation and thermal energy
are calculated on the basis of average prices in
Slovene Tolars (SIT) and German Marks (DEM).
Considering price conversion to DEM on the basis
of the average monthly mean rate of exchange
of DEM (Bank of Slovenial, we have endeavoured
to present an approximative realizable value of
the stated categories.

From the figure 1 it can be seen that the ave-
rage thermal insulation prices (rigid PUR foam) in
SIT increased between 1991 and 1993, whereas in
real terms they fell. This cannot be sald for the
heat energy prices in SIT as, during that period,
they substantially increased. This was also valid
for the prices calculated in DEM (due to the ap-
proximate account of their real increase). The im-
pact of the parities of the two currencies may be
neglected in this caleulation.
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Sl. 1. Primerjava indeksov cen toplotne energije in izolacijskega materiala fa) v SIT, (b} v DEM
Fig. 1. Comparision of price index of heat energy and insulation material (rigid FUR foam),
fa) SIT, (b) DEM

Poleg ofitnega zmanjfevanja porabe toplotne
energije (kar hkrati pomeni tudi vartevanje s
surovinskimi viri) in s tem povezanimi strozki
takino zmanjfevanje posredno wpliva #e na
zmanjsanje emisij Ekodljivih produktov zgoreva-
nja goriv, potrebnih za proizvodnjo energije. Hkra-
ti pa je pri ekoloZkem vidiku treba upoitevati tu-
di primernost oz. neprimernost nekaterih toplot-
noizolacijskih materialov glede na njihov Zkodljiv
vpliv na okolje in zdravje.

In addition, obvious savings of heat energy
(at the same time also the reduction of raw
materials consumption) are the cause of the
reduction of the combustion products
emissions. Also, the ecological aspect includes
the use of environmentally suitable thermal
insulation materials.

fuel
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Povezanost in medsebojna odvisnost med
energetiko, ekonomiko in ekologijo je otitna. Ze
leta 1989 je bilo eno od osnovnih spore¢il World
Energy Conference, da mora strategija razvoja v
devetdesetih letih upoStevati reSevanje tridimen-
zionalnera problema v energetiki: energija — eko-
nomija — ekologija [2]. Parcialne analize energija
— ekonomija ali energija — ekologija ne zadovolju-
jejo ved potreb in jih je treba zdruiiti. Uporaba
toplotnoizolacijskih materialov vkljutuje pravza-
prav vse tri vidike. TakZna soodvisnost, ki jo
prikazuje slika 2, je obstajala sicer e ves Cas,
vendar sta Zele z leti ekonomika in ekologija pri-
dobila pomen.

The connection and interdependence of energy,
economics and ecology is obvious. Already in 1959,
one of the main messages of the World Energy
Conference was that the development strategy in
the nineties must consider the three-dimensional
problem in power engineering: energy-economy-
ecology [2]. Partial analyses: energy-economy or
energy - ecology alone do not meet the needs, and
they must therefore be connected. The use of
thermal insulation involves all three aspects. Such
interdependence, shown in figure 2, has existed
all the time. However, the aspects of economics
and ecology have been gaining increasing signifi-
cance over the years,

ENERGETIKA

ENERGY

taplotna izelesija
thirinal imsulstfon

EKONOMIKA

EKOLOGIIA

ECONOMICS

ECOLOCY

Sl. 2. Medsebojna povezanost razlid¢nih vidikov uporabe toplotnoizolacijskih materialov
Fig. 2. Connection of different aspects of the use of thermal insulation

Kot primer utinkovitega izoliranja opisujemo
v prispevku izoliranje ventilov s primerno obli-
kovanim izolacijskim plaZfem. Ventile zaradi
oblike pa tudi zaradi malomarnosti najvetkrat
pustajo neizolirane, feprav so dokazano nezane-
marljivi viri toplotnih izgub.

1 TEHNOLOSKI KRITERLJI ZA 1ZBIRO
TOPLOTNOIZOLACIJSKEGA MATERIALA

1.1 Toplotna prevodnost

Toplotna prevodnost mora bitl &im manja.
Majhna toplotna prevodnost ne pomeni le tanj%e
izolacije, ampak je od nje odvisna tudi niZja
temperatura njene povriine na izstopni strani to-
plotnega toka. Predvsem vplivajo na njeno vred-
nost vrsta in struktura materiala, temperatura
in delez vlage.

1.2 Temperaturno obmotje

V=i izolacijski materiali niso primerni za
uporabo pri vseh temperaturah. Pri previsokih
temperaturah lahke pride do strukturne nestabil-
nosti ali celo do viiga. Pri vigjih temperaturah se
lahko vrednost toplotne prevodnosti tako poveda,

As an example of efficient insulating, insu-
lation of the valves with properly shaped insula-
tion jackets is presented. Because of their shape
and also because of carelessness, valves are left
uninsulated, although they are not a negligible
source of heat losses.

1 TECHNOLOGICAL CRITERIA
FOR THERMAL INSULATION SELECTION

1.1 Thermal Conductivity

The thermal conductivity of insulation ma-
terial must be as low as possible, Low thermal
conductivity not only requires a thinner insulation
layer, but it also leads to a lower surface tempe-
rature of insulation material in the heat flow
direction. The type of material and its structure,
temperature as well as moisture have great in-
fluence on its value.

1.2 Temperature Range

Different insulation materials can only be
used in certain temperature ranges. If the tem-
perature is too high, structural instability or
even ignition can appear in some materials. At
higher temperatures the thermal conductivity
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da material ni ved izolacijsko udinkovit. Po-
membna je tudi spodnja temperaturna meja, saj
material postane preve¢ krhek. Vendar pa je naj-
veéji problem pri nizkih temperaturah predvsem
mozna kondenzacija vlage, kar bistveno poveta
prenos toplote skozi izolacijski sloj. Glede na to
so toplotnoizolacijski materiali razvriteni po
temperaturnih obmoé¢jih uporabe, in sicer na
kriogeno obmotje (pod -100 °C), nizketemperaturno
obmoéje (-100°C do 25°C), vmesno obmocje
125°C do 600°C) in visokotemperaturno obmodje
(nad 600 °C) [3].

1.3 Tlaéna trdnost

Ustrezna tlaéna trdnost je potrebna zaradi
mogotih udarcev, vibracij in podobno. S tem se
zmanjiujejo strofki vzdrievanja.

Druga pornembna merila pri izbiri toplotnoizo-
lacijskega materiala so 3e kemijska odpornost, ab-
sorpcija vode in vodne pare, cena ter oblika [4], [5].

2 EKONOMICNA DEBELINA IZOLACLJE

Pojem ekonomiZne debeline izolacije in enatbe
za njen izratun je prvi vpeljal McMillan leta 1926
[6). Od takrat dalje so zaradi Zelje po &¢im natané-
nejgi dolotitvi metodo dopolnjevali z razliénimi
razdirjenimi enatbami in nomogrami kakor na
primer [5], [71, (8], [9].

Izolacija pomeni dolofeno nalotbo. Medtem ko
z vetanjem debeline izolacije zniZujemo toplotne
izgube, povefujemo vrednost nalolbe v izolacijo.
Pojavlja se torej potreba po dolofitvi minimuma
vsote obeh stroskovnih komponent. Takfen mini-
mum je mogofe dolofiti analititno po nekaterih
enatbah ali grafiéno z izrisom krivulje skupnih
strogkov [7]. Slika 3 prikazuje splogno metodo gra-
fitnega dolofevanja ekonomine debeline izolacije.

Krivuljo strofkov toplotnih izgub lahko na-
rizemo iz podatkov za toplotne izgube, dobljenih z
uporabo zakonitosti prenosa toplote ali z numeri-
¢nimi metodami, pomnoZenimi = ceno toplotne
energije in stevilom obratovalnih ur na leto.

Gospodarski pomen takZne debeline izolacij-
skega sloja je torej v tem, da se nad to debelino
ne splaca ve® vlagati v toplotno izolacijo. Pri eko-
nomi&ni debelini doseZemo najboljfi utinek jzoli-
ranja na enoto vloZenega kapitala.

Doloé¢itev ekonomiéne debeline pa ni prepro-
sta, saj nanjo vpliva vsaj dvajset neodvisnih spre-
menljivk, kar zahteva dolofene poenostavitve,
Predvsem ekonomske spremenljivke povzrocajo,
da je dolotitev obéutljiva in refevanje zamudno.
Mekateri avtorji so zaradi tega tudi upraviteno
skeptitni glede ustreznosti termina ekonomiéne
debeline izolacije [10].

can be increased to such values that the insulation
material becomes inefficient. A low temperature
limit is important, too, because of the material
brittleness. But the main problem with low tem-
peratures is the possibility of moisture conden-
sation. This can drastically increase heat transfer
through insulation. Thermal insulation materials
are grouped into four temperature ranges: cryo-
genic range (below -100°C), low-temperature ran-
ge (-100 °C to 25 °C), intermediate range (25 °C to

600 °C) and high-temperature range (above 600°C).
[3l.

1.3 Compressive Strength

Compressive strength is required because of
the possible strokes, vibrations etc. In this way
the maintenance costs are kept low.

Some other important criteria for selecting the
insulation are chemical resistance, water absorp-
tion and vapour penetration, price and shape [4], [5].

2 ECONOMIC THICKNESS OF INSULATION

The concept of the economic thickness of
insulation and equations for its determination
was introduced by McMillan in 1926 [6]. Since
then, many authors have further developed the
method with more accurate equations and nomo-
graphs, like (5], (7], [B], 19].

Insulation means an investment. With the in-
creasing thicknese of insulation, heat loss costs
decrease but, at the same time, the investment
cogts are increased, If we add these two cost com-
ponents together for wvarious thicknesses there
must be a minimum of total costs. It is possible to
determine this minimum analytically on the
grounds of different equations, or graphically 7],
Figure 3 represents the graphical determination
of the economic insulation thickness.

The curve of heat loss costs can be drawn
from heat loss data, obtained from the heat
transfer equations, or from the numerical me-
thod calculations, multiplied by the heat energy
price and number of operation hours per year.

The economic importance of such a thickness
is that above this thickness it is not worth spen-
ding more capital on insulation. With the econo-
mic thickness of insulation the best efficiency of
insulation per unit of invested capital is achieved.

To accurately determine the economic thick-
ness is not an easy task. A complete analysis of
insulation economics requires that approximately
twenty input data variables must be assigned.
The use of economic variables, in particular,
means that determination becomes highly sensiti-
ve and time-consuming. Therefore, some authors
are right to be suspicious about the term of eco-
nomic thickness of insulation [10].
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Sl. 3. Graficna metoda dolocevanja minimuma skupnih stroskov izoliranja
Fig. 3. Economic thickness of insulation by graphical optimization

Dejstvo je, da povetanje debeline izolacijskega
sloja prek dolotene meje ne prinasa vet bistvenih
prihrankov toplotne energije, kar prikazuje tudi
slika 3. Z drugimi besedami, stroski toplotne
energije se s povetanjem debeline toplotne izola-
cije oziroma vrednosti nalozbe zmanjZujejo. dokler
se ne zmanjSajo do nekega najniijega zneska.
Takrat lahko debelino izolacijskega sloja povetu-
jemo (ln 5 tem vrednost naloZbe), strodki to-
plotnih izgub pa se ne bodo ve¢ bistveno zniZevali.
Zato je tehnoekonomska analiza pri projektiranju
izolacij kljub vsemu nujno potrebna. Vendar je
zaradi vsepa omenjenega telko govoriti o neki
absolutni vrednosti ekonomi¢ne debeline izolacije.
Verjetno je zato primerneje poiskati neki =in-
terval ekonomi¢ne debeline= v obmotju minimu-
ma krivulje skupnih stroikov,

3 IZOLACIJA VENTILOV

Dandanes vetina aviorjev namenja najve po-
zornosti izoliranju cevnih omreZ ij. To je razumlji-
vo zaradi velikih skupnih povriin takinih omreZi),
Neupotevanje toplotnih izgub skozi ventile je pri-
vedlo do tega, da so v praksi ventili poveini ne-
izolirani.

Te trditve potrjujejo nekatere raziskave (7],
111, [12]. Zanimiva je primerjava toplotnih izgub
skozi ventile, preratunana na ekvivalent dolzine
cevi, povzeta po [11], podajamo jo v preglednici 1.
Potrditev teh vrednosti je dana tudi v [1].

It is true that the Increase of insulation
laver over a specified limit does not bring any
significant heat energy savings, as is represented
in figure 3. In other words, the heat loss costs
decrease with increasing insulation thickness
li.e. with more substantial investment) until
they reach its lowest value. Thus, the insulation
thickness can be increased without any signifi-
cant heat loss decrease. Therefore, techno-eco-
nomical analysis s, nonetheless, necessary. On
the other hand, it is difficult to discuss an abso-
lute and invariable value of economic thickness
of insulation. It is probably more appropriate to
determine »an interval of economic thickness«
in the range of the minimum of the curve of
total costs.

3 VALVE INSULATION

MNowadays, various authors are paying incre-
asing attention to the determination of the econo-
mic insulation thickness of the piping networks.
This is logical because of the large surface area of
pipes. On the other hand, the underestimation of
the heat losses through valves leaves the valves
uninsulated.

This statement is proved by [71, [111, [12].
An interesting comparison of heat losses through
valves is presented in table 1 [11), and proved
also by [1].
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Preglednica 1: Toplotne izgube skozi ventil v primerjavi z dol2ino cevi [11]
Table 1: Heat losses through valves in comparision with pipe length [11]

Ekvivalentna dolzina cevi

Equivalent pipe length (m)
temperatura fluida e g
fluid temperature
ventil (neizoliran)
valve (uninsulated) 6.=4% 16 — 26
ventil (izoliran) aihies e

valve (insulated)

Rezultati v preglednici 1 veljajo za cevne
clemente oziroma cevovode v notranjosti objek-
tov. Za cevovode, ki potekajo na prostem, bi
morali upostevati pribliZno dvakrat ve&je vredno-
sti.

Izolacijo ventila smo sl zamislili kot pladE,
ki se preprosto spne okoli ventila. Obravnavali
smo tri oblike izolacijskih plagéev (okroglo,
valjasto, sodtasto), in to za &tiri razlitne debeline
izolacije. Zaradi kompleksnih geometrijskih oblik
smo toplotne tokove skozi izolacijske plasée dolo-
¢ili & pomocjo metode robnih elementov [13]. Za-
misel o uporabi robnih elementov izhaja iz telav
pri analititnem refevanju integralskih enatb.
Analititno refevanje integralskih enatb je nam-
ret ¢ vedno omejeno na preproste geometrijske
oblike in osnovne oblike robnih pogojev. Zato
jih nadomestimo z vsotami razmeroma preprosto
rezljivih integralov v intervalih, ki sestavljajo
sklenjene integracijske meje. Tako dobimo diskre-
tizirane integralske enacbe, Ki jih resujemo nu-
meri¢no z uporabo ratunalnika.

Doloéitev optimalne izolacije ventila smo iz-
ratunali za tip ventila PN 16 za stacionarne raz-
mere [14], Temperaturna razlika med temperaturo
fluida v ventilu in okolico je 135 °C, toplotna pre-
stopnost je bila ocenjena na 20 W/m?K, toplotna
prevodnost izolacijskega materiala 0,03 W/ mK.
Optimalno  (ekonomitno) debelino izolacijskega
plasta in njegovo najprimernejo obliko smo dolo-
tili z grafitno metodo iskanja minimuma skupnih
strodkov. Cena toplotne energije je bila vzeta po
podatkih, Toplotne oskrbe Maribor, cena izola-
cijskepa plasta pa dolofena kot dvakratnik cene
izolacijskih plog¢ iz trde poliuretanske pene
(Plama Podgrad). Rezultati so podani v pregled-
nicah 2 in 3.

The results in table 1 are valid for pipes
inside the buildings. For the outer piping net-
works we have to take Into consideration double
values.

In our studies we considered three different
shapes of insulation jackets which are simply
mounted around the valve: the sphere, the
cylinder and the barrel. Because of the complex
geometries of such jackets we used the boun-
dary element method for the heat loss calcu-
lations [13]. The idea of using boundary ele-
ments results from the fact that numerous
difficulties occur in the solving of integral
equations. Their analytical solution is still
limited to simple geometries and basic boundary
conditions. Consequently, they are substituted
by the sums of relatively simple solvable in-
tegrals at Intervals composing closed Integral
boundaries. Thus, we obtain discrete integral
equations which can be solved numerically by
the computer.

We determined optimum insulation thick-
ness for the valve PN 16 for stationary operation
conditions [14]. The temperature difference
between hot water and ambient air was 135 °C.
Thermal conductivity of insulation material was
0.03 W/mkK, the outer heat transfer coefficient
was estimated on 20 W/m*K. We used the gra-
phical optimization for determination of the opti-
mal (economic thickness) insulation jacket. The
heat energy price was taken on the basis of the
data of Thermal Board Maribor. The insulation
jacket price was estimated as a double price
of rigid polyurethane foam boards (Plama Pod-
grad), The results are presented in tables
2 and 3.
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Preglednica 2: Toplotne izgube in stroski toplotnih izgub za izolacijske plasc¢e ventila

Table 2: Heat losses and heat loss costs for the valve insulation jackets

krogla val j sod
sphere cylinder barrel
stro&ki stroski stroski
debelina costs costs costs
Olckiinge (cm)
o it s leto leto leto
O (W) (SITAT) o W) (SIT/gme.) © (W) (SIT/yen)
1 B3,5 3400 103 5520 90,5 4850
2 7 1990 59 3200 52 2500
4 22 1200 35 1800 30 1620
] 17 922 P 1340 23 1230

Preglednica 3: Optimalne debeline izolacijskih plastev ventila
Table 3: Optimum thicknesses of insulation jackets

oblika debelina skupni strozki

shape thickness total costs
leto

(em) (STT/ years)

krogla 4,3 1900

sphere

valj 3.9 2800

cylinder

sod 3,7 2520

barrel

Zanimiva je primerjava rezultatov iz pre-
glednice 3 s toplotniml izgubami neizoliranega
ventila. Zaradi tefavne geometrijske oblike je
ventil obravnavan kot valj premera 120 mm in
dolzine 230 mm. To so enake dimenzije, kakrine
so bile upostevane pri numeri¢nih izratunih.
Pri temperaturni razliki 135°C in toplotni pre-
stopnosti 20 W/m?K je izgubljenih 235W toplot-
ne energije, kar priblizno pomenl za en ventil
12600 SIT/leto, kar je seveda bistveno vet kakor
tedaj, ko je ventil izoliran. V razlitnih obrato-
valnih razmerah se viina strofkov seveda spre-
minja. Ostaja pa resnica, da so ventili nezanemar-
1jivi viri toplotnih izgub in jih je treba izolirati.

4 EKOLOSKI VIDIKI IZOLIRANJA

Ze samo dejstvo, da se z uporabo toplotnoizo-
lacijskih materialov prihrani veliko toplotne ener-
gije in s tem posredno zmanjsuje emisija Skodljivih
produktov zgorevanja v ozratje, kafe na ugodne
ekoloske utinke uporabe toplotne izolacije.

The numerical analysis gives ineresting re-
sults when comparing the uninsulated and insula-
ted valves. Because of the complex geometry we
treated the valve as a cylinder with a diameter of
120 mm and length of 230 mm. These are the same
dimensions as in the numerical analysis. At the
same operating conditions, temperature difference
135 °C and heat transfer 20 W/m?K, 235 W of the
heat energy is lost per valve which means appro-
ximately 12600 SIT/year for one valve, which is
much more than in the case of an insulated valve
(table 3). With different valves and with different
operating conditions the heat loss costs can differ.
The fact is that we cannot neglect heat losses
through valves; therefore, they should be insulated.

4 ECOLOGICAL ASPECTS OF INSULATING

It is true that a lot of heat energy can be sa-
ved with appropriate thermal insulation and, thus,
the fuel combustion products emission is indirect-
ly reduced. This speaks in favour of the positive
effect of thermal insulation on the environment.
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Vendar pa je Zelja po &im uinkovitejfem
toplotnoizolaci jskemn materialu privedla do uporabe
nekaterih, za okolje in zdravje spornih sestavin
oziroma materialov. Ce sta azbest, kakor tudi
steklena volna kljub ugodnim izelacijskim last-
nostim, %e dalj fasa znana kot zdravju Zkodljiva
(azbest je tako v nekaterih driavah povsem pre-
povedan), pa je dkodljiv vpliv trdih poliuretanskih
pen (PUR) na ozratje zadnja leta zafel vse bolj
narastati. Na svojem podrotju uporabe so trde
pene PUR vsekakor najpopularnejsi toplotnoizola-
cijski material zaradi zelo nizke vrednosti toplotne
prevodnosti in dobrih mehanskih lastnosti. Pena
PUR lahko nastane na kemijski natin, kjer v re-
akclji nastajajoéi CO, povzrota nastanek pene, ali
na fizikalni natin, to je z dodatkom lahko hlapnega
ekspandirnega sredstva — freona. Slednji so naj-
odgovornejdi za nastanek ozonske luknje. Ze z
Montrealskim dogovorom iz leta 1957 je bilo na-
¢értovano, da se proizvodnja freonov do leta 1985
zmanjsa na 50 odstotkov tiste iz leta 1986 [15]). Ker
lahko pritakujemo, da bodo trenutno uporabljeni
freoni postali stasoma v celoti prepovedani, pote-
kajo v svetu tudi na tem podrofju Ztevilne raz-
iskave, da bi na2li zanje ustrezno nadomestilo [16],
[17], [18]. MNajperspektivnejsa so na primer
CHCIFCF,, CF,CH,F, CO,, pentan in drugi.

Za refevanje problematike odpadkov trdih
pen PUR je primeren postopek alkoholize oziroma
glikolize, ki sodi v skupino postopkov kemijskega
recikliranja odpadkov polimernih materialov [19].
Obstaja mnoZica publikacij in patentov, ki obrav-
navajo alkoholizo odpadkov polimerov, pri éemer
so spoznanja uresnitili tudi v praksi.

5 SKLEPI

Kakor je razvidno iz prispevka, je za uspesno
izoliranje treba upostevati razlitne dejavnike.
Medsebojno prepletanje energetskih, ekonomskih
in ekolotkih vidikov se jasno kale tudi pri upo-
rabi toplotne izolacije.

Podatki, uporabljeni za izris slike 1, so do-
volj zgovorni, da lahko trdimo, da so optimalno
izvedene malotbe v toplotno izolacijo objektov
upravicéene e zaradi cenovnlh usmeritev izo-
lacijskih materialov in toplotne energije, ne
da bi upoftevali e druge strozke, ki jih povzrodi
izvedba mnalotbe v toplotno izolacijo objekta
(strodki montaZe, strodki vzdrZevanja, strodki
morebitnih negativnih tetajnih razlik ipd).

However, in order to improve the quality
of thermal insulating material some environ-
mentally unfriendly materials or their ingre-
dients are used in their production. For example,
although asbestos as well as glass wool both
have good insulating properties they are known
to be health damaging materials (asbestos is,
therefore, entirely prohibited in some countries),
During the last years, the harmful influence of
rigid polyurethane (PUR) foams in the atmo-
sphere has becomed one of the major problems
of the today's environmental protection. Namely,
rigid PUR foams are the most popular insulation
materials in its temperature range because of
their low thermal conductivity and good mecha-
nical properties. When two liquid chemicals (one
is an isocyanate and the other polyel) are mixed
together, heat is generated and tiny bubbles are
formed because of the chemical reaction or the
presence of the blowin agent - freon. Freons are
the main cause of the reduction of the ozone layer
in atmosphere. According to the Montreal 1987
agreement production of freons by the year 1998,
it is expected that must be reduced by 50% of
that in year 1986 [15]. It is also expected that the
use and production of freons will, with time be
completely prohibited. Therefore, much research
is going on to find out an appropriate substitute
(161, (17), [18]. The most promising substitutes

are, for instance, CHCIFCF,, CF,CH,F, CO,,
penthane, etc,

Appropriate procedures for treating wastes
of rigid PUR foams are alcoholyse or glicolyse,
respectively. These belong to the group of pro-
cedures for chemical recyeling of polymeric
wastes [19]. There is a great number of publica-
tions and patents concerning alcoholyse of poly-
meric wastes,

5 CONCLUSIONS

As Is evident from the paper, different fac-
tors for efficient insulating must be considered.
Mutual interdependence of energy, economics
and ecology is obvious in the case of thermal
insulation.

On the basis of figure 1 it can be stated that
the optimum investments in thermal insulation
are justified, at least as regards the price trends
of insulation materials and thermal energy, even
without considering other costs (assembling
costs, malntenance costs, costs of possible
exchange rate differences, etc.)
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Posebno pazljive se je treba lotiti dolotevanja
najprimernejge debeline izolacijskega sloja. Tako
imenovana ekonomiéna debelina izolacije je odvis-
na od uporabljenega ekonomskega medela, njena
vsaj priblizna dologitev pa je potrebna, saj je od
nje odvisna ugodna nalotba. Bistveni problem je
poiskat] kompromis med procesnimi in ekonom-
skimi zahtevami. Veéanje strotkov zaradi izgub-
ljene toplotne energije povzrofa, da se minimum
skupnih strofkov vedno bol] pomika v smeri na-
radtajote debeline izolacije.

Dolotevanje optimalnih debelin  izolacijskih
pladev za ventile terja uporabo numeri¢nih metod.
Metoda robnih elementov je primerna za takine
izratune. Za dane tehnoloike razmere se je kot
najustreznejia oblika izolacijskepa plaiéa ventila
izkazala tista v obliki krogle. Skupni strogki so
v temn primeru najniZji.

V nekaterih primerih je izbira izolacije in
njene debeline odvisna predvsem od tehnologkih
razmer in manj od ekonomskih; na primer, ko
mora biti temperatura zunanje povrsine izolacije
dovolj nizka zaradi morebitnih opeklin, ko mora
temperatura fluida ostati ves fas enaka, kjer je
moZnost potara itn.

Tudi izbira toplotnoizolacijskega materiala
mora biti premisljena. Zaradi odliénih toplotno-
izolacijskih zmoZnosti trdih pen PUR bo zanje
tezko najti ustrezno nadomestilo. 5 silikatnimi
aerogeli in ploskovnimi vakuumskimi izolacijami
sicer dosegajo nizke vrednosti toplotne prevodno-
sti, vendar so takZne izvedbe razmeroma drage.
Ostaja pa dejstvo, da bodo tudi na tem podroju
vedno vetjo veljave dobivali ekolofko neoporeéni
materiali.

Particular attention must be paid to de-
termination of the so-called, economic thickness
of the insulation layer. Such determination de-
pends on the economic model used. At least an
approximative determination is necessary in or-
der to make an adequate investment. What me-
thod for the economic evaluation is chosen de-
pends on the level of analysis and accuracy desi-
red. The core of the problem is to establish a
compromise between the economic and process
requirements. The increase of heat loss costs
causes the minimum of total costs to shift to the
direction of larger insulation thickness.

The determination of the optimum insulation
thicknesses for valve jackets requires the use of
numerical methods. The boundary element method
is very appropriate for such calculations. For the
given operation conditions we found that an
insulation jacket shaped as a sphere is the opti-
mum one, with the minimum heat loss costs.

In some instances the selection of insulation
and its thickness may be dictated by technological
conditions which take precedence over economic
thickness requirements. For example: when a
maximum surface temperature dictates insulation
thickness for safety of the personnel; where it is
necessary to maintain product temperatures at a
given level; where limited amounts of heat energy
are available and therefore extra insulation is spe-
cified or where possible fire exposure dictates the
insulation thickness.

In addition, the selection of quality insulation
material must be carefully done. Because of their
excellent thermal insulating properties it will be
very hard to find an appropriate substitute for
them. Low thermal conductivity is achieved with
silica aerogel or with vacuum thermal insulating
panels, but such performances are still relatively
expensive. The fact remains that ecologically ac-
ceptable materials will also gain importance in the
field of thermal insulation.
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