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In order to avoid possible future
problems with constantly changing new
synthetic refrigerants, one should use
natural refrigerants1 wherever possible.
Before using natural refrigerants, how-
ever, one must always carry out a life
cycle analysis to ensure that environmen-
tal friendliness of the system is at least
equivalent or better. The effect on the
environment would be worse, for ex-
ample, if a refrigeration plant using
natural refrigerants were to consume
considerably more energy. In this case
there are alternatives. In commercial
refrigeration, for example, the use of
ammonia in a central plant and the
distribution of energy by evaporating
carbon dioxide and melting ice slurry is
an option. The phase changes taking
place in these secondary refrigerants
(evaporation and melting, respectively)
allow significant energy saving compa-
red with conventional refrigerants.
The use of ice slurry in refrigeration is
not new. The ancient Romans mixed
snow with various salts producing an
«ice slurry» with temperatures down to
–15° C. Its use in closed circulation,
however, and the pumping of the ice
slurry involved has only been practised
for about the last 30 years and there are
only a few specialized firms that have
the necessary know-how in the appli-
cation of this technology.
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For the large numbers of potential users,
applicable guidelines and hints have not
been available up to now. In order to
alleviate this problem, an Ice Slurry
Centre was founded in Denmark in April
1998 with international participation.
The centre is supported in part by the
Danish Ministry for Economic Develop-
ment with about 2 million CHF.
It is managed by the Danish Technologi-
cal Institute and will continue develop-
ment on the application of ice slurry as a
secondary refrigerant up to June 2002.
As well as the ice slurry generation itself,
all the components for the circulation
system are included and hence also
plastic pipes from Georg Fischer.
The other partners in the Ice Slurry
Centre are Grundfos (pumps, Denmark),
Hans Buch (measuring and control,
Denmark), Sabroe/York (refrigeration
plants, inter alia ice slurry generators,
Denmark/USA), Sunwell (ice slurry gene-
rators, Canada), Swep (plate heat
exchangers, Sweden), Texaco (additives,
Belgium/USA) and ttcoil (tube and fin
heat exchangers, Denmark). In the cour-
se of the first year the necessary test

1) Natural refrigerants are
substances that are and always
have been found in the natural
environment, such as ammonia,
isobutane, propane, propylene,
carbon dioxide and water. Many
of these substances are being
manufactured industrially to be
used as refrigerant. Although they
are no longer of natural origin,
they are still called «natural
refrigerants».
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This test section is used for
component trials and for de-
termination of the heat transfer
coefficient and pressure drop
with flowing, melting ice slurry.
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facilities have been set up at the Danish
Technological Institute in Aarhus.

Secondary refrigerant
For all refrigeration systems in which the
refrigerant is circulated in public areas,
e.g. in commercial refrigeration, a non-
alarming, non-toxic and non-flammable
refrigerant is essential. In the case of
modern combined refrigeration plants
with direct evaporation in the individual
cooling and freezing areas, the amount
of refrigerant is relatively large and it
would be irresponsible to use ammonia
(NH3 - R717) or propane (C3H8 - R290)
as a replacement in the same refrigera-
tion systems, because theY are flamm-
able. An alternative is the so-called
indirect refrigeration system, which has
a central refrigerating machine in its
own room, using e. g. ammonia, and a
secondary circuit with a fluid that distri-
butes the energy to the cooling/freezing
area.
Various secondary refrigerants are used
in refrigeration plants and heat pumps.
Criteria for selection are heat transfer
characteristics, viscosity, toxicity, flamma-
bility and price. For temperatures above
the freezing point, water is one of the
best secondary refrigerants available.
For temperatures below freezing point,
use of salt solutions (brines), water-glycol
mixtures or other alcohol-water mixtures,
and also various non-aqueous sub-
stances is common.
A disadvantage of all these secondary
refrigerants is that the energy content is
solely controlled by sensitive energy
sources. The stored energy is much
smaller than that of directly evaporating
refrigerants. The amount of fluid circulat-
ing is therefore relatively large and the
pipe dimensions must be greater than
with a direct evaporating refrigerant.
To avoid these drawbacks, one can
utilize not only the heat of evaporation
but also the heat of fusion of a medium.
As an evaporating secondary refrigerant
in commercial refrigeration one can use
carbon dioxide (CO2 - R744) and as a
melting secondary refrigerant a mixture
of ice, water and antifreeze (e. g.
ethanol, glycol or salt). Because of the
high pressure required for carbon
dioxide (35 bar at 0° C), it is primarily
used in the freezing domain, whereas
ice/water/antifreeze mixtures, because

of their high viscosity at low temperature,
are mainly considered for the normal
cooling range.
In such a system it is advantageous to
use an ice store to smooth out the large
variations in cooling demand occurring
in a supermarket. This reduces operating
costs and leads to a shorter amortiza-
tion time for the overall refrigeration
plant.

Ice slurry
The use of ice slurry as a secondary
refrigerant is a relatively new technology
(20 to 30 years old). Ice slurry offers
numerous advantages compared with
conventional single-phase secondary
refrigerants:
K higher specific cooling capacity,

leading to smaller pipe cross-
sections, smaller pumps and lower
energy consumption;

Test facility for component trials and for
the determination of heat transfer
coefficients.

This plan shows a possible implemen-
tation of an indirect cooling system in
a supermarket.
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The Ice Slurry Centre is a
welcome opportunity for
Georg Fischer to have
the ABS pipes and com-
ponents tested in such
plants.



Fi 5427/4 (11 . 99) © Georg Fischer Rohrleitungssysteme AG, CH-8201 Schaffhausen/Schweiz, 1999 Printed in Switzerland

A Georg Fischer Rohrleitungssysteme GmbH, Sandgasse 16, 3130 Herzogenburg, Tel. +43(0)2782/8 56 43-0, Fax +43(0)2782/8 51 56, e-mail: georgfischer@via.at
AUS George Fischer Pty. Ltd., 4 Jacks Road, South Oakleigh, Victoria 3¢67, Tel. +61(0)3/95 63 88 99, Fax +61(0)3/95 63 89 66, e-mail: sales@georgefischer.com.au
B/L Georg Fischer NV/SA, Digue du Canal 109-¢¢¢ — Vaartdijk 109-¢¢¢, 1070 Bruxelles/Brüssel, Tél. +32(0)2/556 40 20, Fax +32(0)2/524 34 26

e-mail: 106267.254@compuserve.com
CH Georg Fischer Rohrleitungssysteme (Schweiz) AG, Amsler-Laffon-Strasse ¢, Postfach, 8201 Schaffhausen, Tel. +41(0)52/631 30 26, Fax +41(0)52/631 28 97

e-mail: info@rohrleitungssysteme.georgfischer.ch
CHINA Georg Fischer Piping Systems Ltd. Shanghai, No. 2Ý8 Kang Qiao Dong Rd., Shanghai 201319, Tel. +86(0)2¢/58 13 33 33, Fax +86(0)2¢/58 13 33 66

e-mail: gfsro@public.shanghai.cngb.com
D Georg Fischer GmbH, Daimlerstraße 6, Postfach 1154, 73093 Albershausen, Tel. +49(0)7161/302-0, Fax +49(0)7161/302 259

e-mail: info@georgfischer.de, Internet: http://www.georgfischer.de
Georg Fischer DEKA GmbH, Postfach 1145, 35228 Dautphetal, Tel. +49(0)6468/91 51-0, Fax +49(0)6468/91 52 21/22, e-mail: info@dekapipe.de

DK/IS Georg Fischer A/S, Klintehøj Vænge 17, 3460 Birkerød, Tel. +45 45 81 19 75, Fax +45 45 81 16 22
E Georg Fischer S.A., Sistemas de tuberías para la industria, Alcalá, 85, 2a, 28009 Madrid, Tel. +34(0)9¢/781 98 90, Fax +34(0)9¢/576 85 86

e-mail: 101534.3724@compuserve.com
F George Fischer S.A., 105–1¢3, rue Charles Michels, B.P. ¢74, 93208 Saint-Denis Cedex 1, Tél. +33(0)1/49  22  ¢3  4¢, Fax +33(0)¢/49  22  ¢3  00, e-mail: info@georgefischer.fr
GB George Fischer Sales Limited, Paradise Way, Coventry, CV2 2ST, Tel. +44(0)1203/535 535, Fax +44(0)1203/530 450-51

e-mail: info@georgefischer.co.uk, Internet: http://www.georgefischer.co.uk
I Georg Fischer S.p.A., Via Sondrio 1, 20063 Cernusco S/N (MI), Agente generale di vendita Tufira S.r.I., Tel. +3902/92 18 61, Fax +3902/92 14 07 85

e-mail: office@piping.georgfischer.it
J Kubota George Fischer Ltd., 2-47, Shikitsuhigashi, 1-chome, Naniwa-ku, Osaka 556-8601, Tel. +81(0)6/6648 25 62, Fax +81(0)6/6648 25 65, e-mail: kgf-yosi@kubota.co.jp
N Georg Fischer AS, Rudsletta 97, ¢35¢ Rud, Tel. +47(0)67/¢7 ¢7 40, Fax +47(0)67/¢3 92 92
NL Georg Fischer N.V., Lange Veenteweg 19, Postbus 35, 8160 AA Epe, Tel. +31(0)5786/782 22, Fax +31(0)5786/217 68

e-mail: info@georgfischer.nl, Internet: http://www.georgfischer.nl
PL Georg Fischer Sp. z o.o., ul. Radiowa 1A, 01-485 Warszawa, Tel. +48(0)22/638 91 39, Fax +48(0)22/638 00 94
S/FIN Georg Fischer AB, Box 113, 12523 Älvsjö-Stockholm, Tel. +46(0)8/727 47 00, Fax +46(0)8/749  23  70, e-mail: info@georgfischer.se, Internet: http://www.georgfischer.se
SGP George Fischer Pte. Ltd., ¢5 Kaki Bukit Road 2, KB Warehouse Complex, 4¢7 845 Singapore/Singapore, Tel. +65(0)7/47 06 ¢¢, Fax +65(0)7/47 05 77

e-mail: info@georgfischer.com.sg
USA George Fischer Inc., 2882 Dow Avenue, Tustin, CA 92780-7285, Tel. +1(0)714/731 88 00, Toll Free 800/854  40 90, Fax +1(0)714/73¢ 46 88

e-mail: info@us.piping.georgefischer.com, Internet: http://www.us.piping.georgefischer.com
Export Georg Fischer Rohrleitungssysteme AG, Ebnatstrasse ¢¢¢, Postfach, CH-820¢ Schaffhausen, Tel. +41(0)52/63¢ ¢¢ ¢¢, Fax +41(0)52/63¢ 28 93/631 28 58

e-mail: export@piping.georgfischer.com, Internet: http://www.piping.georgfischer.com

¥  ‡

K high heat transfer coefficient, leading
to smaller heat exchangers and lower
energy consumption;

K direct cooling of certain foodstuffs in
the slurry, e.g. immersion of fish or
chicken;

K the option of storing energy in the
medium itself.

For practical applications, the questions
that are especially pertinent are the
pressure drop for ice slurry flow, the
design of valves and other components
and the heat transfer characteristics of
melting ice slurry.
In respect of the pressure drop in flowing
ice slurry, various studies have been
published showing quite contradictory
results in some cases. These studies differ
especially with regard to the ice particle
size in the slurry, a parameter that
depends upon the concentration and
type of antifreeze added and hence
upon the temperature of the slurry.

Test facility
Within the framework of the Ice Slurry
Centre, the test facility has been set up
at the Danish Technological Institute.
The ammonia refrigeration plant is con-

The ice slurry is being
collected in 9 m3

storage tanks.

nected to an ice slurry generator with
a capacity of approx. 12 tonnes of ice
per day. The ice slurry is collected in a
9 m3 storage tank. The slurry is pumped
through a widely distributed pipe system
for the air conditioning of a measuring
room, an office and a meeting room.
The goal of this system is to build up
experience with the continuous opera-
tion of an ice slurry system. Furthermore,
test sections are included for component
trials and for determination of the heat
transfer coefficient and pressure drop
with flowing, melting ice slurry.
For the pipework of the various test
facilities, ABS pipes and fittings from
Georg Fischer AG were mainly used. In
addition, automatic valves and Signet
flow meters from Georg Fischer are
being tested.
For Georg Fischer, participation in the
Ice Slurry Centre offers the unique
opportunity to test all pipes, fittings and
measuring equipment for this still
relatively new, but extremely promising,
secondary refrigerant ice slurry concept.
Thus potential customers can be offered,
right from the start, economic solutions
with plastic pipes (ABS and/or PE).

The technical data are not
binding. They are not
warranted characteristics and
are subject to change. Please
consult our General Conditions
of Supply.


