How to Optimize Data Center Chilling
ING. VLADIMIR HOUSKA

\/ oblasti chlazeni ICT technologii jsou v podstaté

V' dvé hlavni témata: jak efektivné uchladit stale
vy$3i hustotu instalované techniky s koncentrova-
nym ztratovym tepelnym vykonem a — samoziejmé
— jak to udélat co nejlevnéji. Ke skuteéné lspé&sné-
mu fedenf je tfeba znalost rlznych systémd, doplikd
a schopnost vyjednat vhodnou kombinaci techno-
logii. Navic je ddlezita i pfiprava na budouci navy-
Sovani kapacit, protoZe u serveroven a datovych
center je staly riist v podstaté nedilnou soucasti
jejich existence.

Zvysovani hustoty ICT technologii je béznou
praxi jiz fadu let, nicméné naroky s tim spojené jsou
stale problémem pro fadu projektantd, dodavatel(
i provozovateld. Situaci samoziejmé dale komplikuje
soucasny enormni tlak na cenu fedeni. Nicméné pfi
vhodné kombinaci zatizeni a dopliikovych aktivnich
i pasivnich prvki Ize dosahnout potfebné Ucinnosti
s pfijatelnymi naklady a zaroven vytvofit prostor pro
budouci rozvoj systému. V tomto ¢lanku se podiva-
me na osvédcené koncepce a klicové prvky a doplriky
systému chlazeni ICT.

Sirdi hlediska

Ke kvalitnimu navrhu chlazeni serverovny je
potieba 3irsi spektrum informaci, nez je jeji velikost
a celkové ztratové teplo, resp. pfikon viech tech-
nologii. Kromé instalované tepelné zatéze musime
zmapovat jeji rozlozeni, pfedevsim pak oblasti s vy3si
hustotou technologii - jaky se napf. planuje maximal-
ni vykon na jeden stojan dnes a jaky se pfedpoklada
za 2 az 3 roky. Idedlni je, kdyz ma zdkaznik vypracova-
nou studii a interné pfipominkovany, odsouhlaseny
navrh fedeni, zahrnujici pfedpokladany rozvoj na par
let dopfedu.

Pozornost je tieba vénovat i celkovym nékladim
na vlastnictvi (TCO), které sleduje stéle vice provozo-
vatel( datovych center a ve kterych hraje vyznamnou
roli pravé systém chlazeni - jak z hlediska pofizovaci
ceny, tak spotieby energie. Ackoliv se dnes vétsina
organizaci snazi maximalné Setfit, je tfeba ukazat, ze
nékteré Skrty v oblasti investi¢nich nakladd budou
znehodnoceny béhem roku ¢i dvou zvy3enymi nakla-
dy provoznimi.

14
rKUMATIZACE 172011

_chlazeni datov V(

1 centel

[“wo topics are principal within the sphere of chill-
ing the ICT technology: how to chill effectively still
higher density of installed hardware with concentrated
heat power dissipation; and — of course — how to make
it as cheap as possible. For actually successful solution
we need knowledge of different systems, accessories, as
well as the capability to negotiate a suitable technology
combination. Furthermore, it is important to prepare for
future capacity expansion, since for server rooms and
data centers continuous growth is, in principle, an inte-
gral part of their existence.

Increase in density of ICT technologies represents
usual practices for years already; nevertheless the
requirements ensuing from it are still a problem for
numerous designers, suppliers and/or users. Situation is,
of course, complicated with contemporary enormous
pressure to price for solution. Nevertheless, with suita-
ble combination of the equipment, as well as additional
active and passive elements, we may achieve needed
efficiency with acceptable costs, creating also a possi-
bility for future system development. In this paper we
wish to discuss well-proven concept and key elements
and accessories of ICT chilling system.

Wider Objectives

High quality design of server room chilling requires
wider spectrum of information, than its size and total
heat power dissipation, let us say power input of all
technologies. Except the installed thermal stress we
have to map its distribution, especially zones of higher
density of technologies — e.g. what maximum output
is planned nowadays and what is planned after 2 to 3
years. Ideal situation is when customer has compiled
a study and internally commented, approved solution
proposal, involving expected development for follow-
ing few years.

Attention must be paid also to total costs of own-
ership (TCO), which are controlled by mare and more
data center operators, and in which just chilling system
plays an important role — both from the point of view of
acquisition price and power consumption. Despite fact,
that most of organizations try to save as much as pos-
sible, it is necessary to show that some cuts in capital




Protoze jsou ICT technologie citlivé na vyraznéj-
Sivykyvy teploty, ma zvlasté u instalaci s vy33i hus-
totou velky vyznam monitoring redlnych prabéh
teploty v riznych mistech, specidlné pak v hornich
partiich stojan(. A to jak pro ndvrh modernizace,
tak i ladéni zcela novych instalaci. Pokud tedy fesi-
te modernizaci &i posileni existujiciho systému,
snazte se zakaznika presvédc¢it k provedeni auditu
zahrnujiciho dlouhodobéjsi méfeni prabéh tep-
lot v kritickych partiich. Pokud stavite datacentrum
nové, vyzadejte si instalaci ¢idel v bodech, které
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investments could be deteriorated during one or two
years thru increased operation costs.

Since ICT technologies are sensitive to more con-
siderable temperature fluctuations, for higher density
installations is of great significance monitoring of actu-
al courses of temperature at different sites, especially
in upper parts of racks. This is valid both for upgrade
design and for tuning of quite new installation. In case
that you solve upgrade and/or consolidation of exist-
ing system, strive to persuade the customer to perform
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vam posléze umozni vyladéni a pribéznou opti-
malizaci systému.

Piimé nebo nepiimé chlazeni?

Kazda instalace ma své specifické naroky dané
planovanym provozem, architekturou technolo-
gii, stavebni situaci a fadou dal3ich faktor(i. Nyni se

pokusime naznacit nékolik ¢astéjsich situaci a jejich
osvédcené fedeni.

S uréitou mirou zjednodu$eni mlzeme fici, Zze do
tepelné zatéze 4 a7 5 kW na rack staci bézny rozvod
chladného vzduchu prostiednictvim zdvojené pod-
lahy. Zdvojena podlaha s obvodovymi jednotkami
ma obecné vyhodu ve vysoké flexibilité, bezpecné
vzdalenosti chladicich kapalin od elektronickych zafi-
zeni a malém poctu servisovanych ¢asti; nevyhodou
je stavebné slozitéjsi instalace a sniZeni prihledu.
K tomuto systému lze dle potieby dopliiovat v pod-
staté libovolné dale uvadéné prvky.

U malych instalaci nebo nékolika stojanti se stied-
ni nebo vy33i hustotou ICT technologii se zpravidla
vyplati pouzit chlazeni pfimé. Napfiklad spolecnost
SAIFOR dodava jednotky mezirackového chlazeni ve
dvou vykonovych fadach: fadu MDC do chladiciho
vykonu 17 kW (s pratokem vzduchu 2 750 m*/h pfi
vystupni teploté vzduchu 20°C a chlazené vodé 8°C)
afadu HDC do vykonu 36 kW (s pritokem 5 250 m3/h
pfi vystupni teploté vzduchu 22°C a chlazené vodé
12°C). V obou fadédch najdeme jednotky s vyfukem
do prostoru ulicky (modely ACU) a s vyfukem pfimo
do sousedniho nebo obou sousednich rack (modely
RCU). Jednotky jsou samoziejmé vybaveny ventila-
tory s proménnymi otackami, vy3si verze s EC ven-
tilatory s plynulym fizenim a rozhranim pro systémy
méfeni a regulace.

Pomeérné oblibenym fe3enim je koncentrovat kli-
¢ové technologie do nékolika stojanl s vysokou hus-
totou a pfimym chlazenim (nékdy pod uzavienim)
a viechny zbyvajici technologie, v¢. zaloznich zdrojq,
chladit pomoci zdvojené podlahy. Moderni stojan
s vysokou hustotou, ¢asto osazeny tenkymi blade
servery, mize k udrzeni optimalniho pracovniho pro-
stfedi a vysoké spolehlivosti potfebovat pfi provozu
na plny vykon 4000 az 5000 m? chlazeného vzduchu

(pokralovdni na strané 18)
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audit involving loeng-term measuring the temperature
courses during temperatures in critical parts. If you are
building new data center, require sensor installation in
points, which subsequently would enable tuning and
step-by-step system optimization.

Direct or Indirect Chilling?

Each installation has its specific requirements given
by planned operaticn, technology architecture, build-
ing situation, as well as numerous other factors. Now,
we shall try to list several more frequent situations and
their verified solutions.

With certain level of simplification we can say,
that for heat stress of 4 to 5 kW per rack it is sufficient
a standard distribution of cold air via doubled floor.
Doubled floor with peripheral units has a general
advantage of high flexibility, safe distance of the cool-
ant from electronic equipment, and small number of
serviced parts; while disadvantage more complicated
installation from the building peint of view as well as
lowering the throughview. Below mentioned elements
may be complemented arbitrarily to this system based
on the need.

Direct chilling is advantagecus for small instal-
lation and/or several racks featured with medium
or higher density of ICT technologies, as a rule. For
example SAIFOR delivers units of inter-rack chilling of
two output series as follows: MDC series up to chill-
ing output 17 kW (with air flow of 2,750 m?/h, with
output air temperature of 20 °C and cooled water of
8°C) and HDC series up to the output of 36 kW (with
air flow of 5,250 m¥/h, with output air temperature of
22 °C and cooled water of 12 °C). Both series involve
units featured with exhaust toward the corridor (ACU
models) and with the exhaust directly into neighbor-
ing rack(s) (RCU models). Of course, units are fitted
with variable revolution fans, higher version with EC
fans with continual control and interface for instru-
mentation and control.

Relatively popular solution covers concentration of
key technologies into several high density racks and
direct chilling (sometimes with closing the rack) and
all residual technolegies, including standby electric
sources, chilling by means of double floor. Modern rack
with a high density, being often fitted with slim blade
(to be continued on page 18)




(pokracovdni ze strany 16)

za hodinu (pfi rozdilu vstupni a vystupni teploty
vzduchu 15 K). Potfebny objem vzduchu musi byt
neustale k dispozici a hlavné - musi byt rovhomér-
né distribuovan, aby byla zajisténa spravna pracovni
teplota i pro servery v hornich partiich stojanu, kde
byvaji problémy s nedostatkem chladného vzduchu.
Za timto uéelem vznikla fada feseni a ,pomucek”.

Zvysovani efektivity pomoci uzavieni a utésnéni
Jakmile je potieba chladit vétsi pocet rackd
s vysokou hustotou nebo vyrazné zvysit kapacitu

a efektivitu existujiciho systému, pfichazi na fadu’

uzavieni studené nebo teplé uli¢ky. V pfipadé stu-
dené ulicky jsou celni, ,nasdvaci” strany server( ve
dvou soubéznych fadach umistény smérem k sobé
a tato ulicka je ze stran a nékdy i seshora uzaviena.
Perforovanymi podlahovymi dilci nebo mezirac-
kovymi jednotkami proudi 20°C az 22°C studeny
vzduch uzavienou ulickou a pFes ICT zafizeni ven,
do sousednich ,horkych ulicek”, kde mlze teplota
dle aktualni zatéZe serverd dosahovat kolem 35°C,
Uzavreni ulicky brani mixovani chladného vzduchu
s teplym a dovede chladny vzduch az do hornich
partii stojan(.

Toto feSeni se pouziva rovnéz v situaci, kdy
chceme zvysit efektivitu provozu datového centra
pomoci navyseni pracovni teploty serverd. Napf.
spole¢nost Google dosahuje cilenym navyienim
pracovni teploty (s pfiznanym snizenim zivotnosti
server(l) v kombinaci s volnym chlazenim zhruba
poloviénich provoznich nakladi svych datacenter,
nez je dnes obvyklé. Cim je vy33i teplota chladi-
ciho vzduchu, tim preciznéjsi viak musi byt jeho
distribuce.

Napfiklad jiz zminény SAIFOR nabizi moduldrni
a Skalovatelny systém fyzického oddéleni studené
¢i horké ulicky Cubo®, ktery Ize doplnit bezpeé-
nostnimi dvefmi s Fizenim pfistupu a biometrickou
autentifikaci, monitoringem, samozhésecim systé-
mem atd. V nabidce jsou t¥i varianty uzavieni uli¢-
ky: SAIFOR Cubo® Active Hot air Containment (horka
ulicka, mezirackové chlazeni), SAIFOR Cubo® Active
Cold air Containment (studena uli¢ka, mezirackové
chlazeni), SAIFOR Cubo® Cold air Containment (stu-
dena ulicka, chlazeni zdvojenou podlahou).
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(continued from page 16)

servers, may need for keeping the optimum working
environment and high reliability level for operation with
a full output of 4,000 te 5,000 m? of cooled air per hour
(with the differential of inlet outlet air temperature of 15
K). Needed air volume must be available continuously
and mainly — must be distributed equally, to ensure
correct working temperature also for servers in upper
parts of rack, where used to be problems of cooled air
insufficiency. Numerous solutions and aids took place
for this purpose.

Increase in Efficiency thru Closing and Sealing

As soon as there is a need to chill numerous high
density racks and/or to increase capacity and efficiency
considerably for existing system, closing of cold or hot
corridor. In case of cold corridor the front“"suction” server
sides in two parallel lines located each towards the other
and this corridor is closed from all sides, sometimes even
from above. Cold air of 20 °C 1o 22 °C temperature passes
thru perforated floor units or inter-rack ones thru a closed
corridor and via the ICT equipment out, into neighboring
,hot corridors” where the temperature, based on current
server thermal stress, may achieve about 35 °C. Closing
the corridor prevents mixing the cold air with hot one
leading the cold air up to the upper parts of racks.

This solution is applied also in situation, when we
wish to increase data center operational efficiency by
means of raising the server working temperature. For
example Google achieves approximately half decrease
in usual operational costs thru targeted increase in
working temperature (accompanied with admitted
shartening of data center service life) in combination
with free chilling. The higher is cooling air temperature,
the more precise must be its distribution.

For example the above mentioned SAIFOR offers
modular and scalable system of physical separation of
Cubo® cold or hot carridors, which may be completed
with safety door featured with controlled access and
biometric authentication, monitoring, self-quenched
system, etc. Three variants of closing the corrider are
involved in the offer as follows: SAIFOR Cubo® Active Hot
Air Containment (hot corridor, inter-rack chilling), SAIFOR
Cubo® Active Cold Air Containment (cold corridor, inter-
rack chilling), SAIFOR Cubo® Cold Air Containment (cold
corridor, chilling thru doubled floar).
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Pro méné citlivé instalace lze pouzit jednodussi
a levnégjsi fedeni uzavieni ulicky AST Smart Corridor,
které tvofi svislé izolaéni pasy z 3 mm silného pra-
hledného PVC a stiecha z polykarbonatu GE® Lexan,
ktery vykazuje vyssi odolnost a tepelnou izolaci nez
sklo a umoziiuje instalaci ¢idel a dalsich prvka. Sitku
konstrukce lze nastavit libovolné dle instalované
techniky, vy3ku v rozmezi 37 U az 48 U.

Uzite¢né doplitky

Kromé vy3e popsanych, da se fici, béznych fese-
ni jsou k dispozici rlizné specialnéjsi produkty, které
umoznuji financné vyhodnou optimalizaci systému
chlazeni, jednoduché navyseni kapacity existujiciho
systému nebo dosaZeni jinak obtizné splnitelnych
parametrd.

Uplné nejjednodussi doplnék, AST Smart Air
Deflector, optimalizuje proudéni vzduchu, snizu-
je tepelné ztraty zplsobené mixovanim horkého
a chladného vzduchu, a zlep3uje tak G¢innost chla-
zeni hornich partii stojani. Jedna se o panely s flexi-
bilni vy3kou a uchycenim, které se instaluji k zadnimu
okraji horni strany stojanti.

Optimalizaci proudéni chladiciho vzduchu, tento-
krat zdola, umoZnuje SAIFOR Cool Air Distribution Unit.
Tato ventila¢ni jednotka ma rozméry nizkého serveru
a instaluje se do nejspodnéjsi pozice v racku. Nasava
vzduch ze zdvojené podlahy nebo z mistnosti a vyfu-
kuje jej pfimo pred saci otvory ICT zafizeni — vzhledem
k vysoké rychlosti se chladny vzduch lépe dostane i k

serverdim umisténym ve vyssich partiich racku.

Funk¢né podobné, ale mnohem vykonnéjii a inte-
ligentnéjsi feseni je UNIFLAIR Active Floor Module.
Jedna se o aktivni podlahovy modul 60 x 60 cm, ktery
se instaluje do zdvojené podlahy pted ¢elni stranu
stojanu. UNIFLAIR AFM sméfuje chladny vzduch pres
nastavitelné lamely pfimo ke zdrojim tepelné zaté-
Ze a vytvéii zhusténé vzduchové bubliny, které zajis-
tuji konstantni teplotu vzduchu v celé vy3ce racku.
Inteligentni Fidici systém modulu méni tok vzduchu
podle aktudlni tepelné zatéze, kterou zjistuje pomo-
ci teplotnich gidel umisténych u vystupu vzduchu ze
server(l. V kombinaci s automatickym Fizenim tlaku
vzduchu ve zdvojené podlaze (AFPS) vyrobce garan-
tuje optimalni provoz stojanu s tepelnou zatézi az 15

o
e

| i
f 5 i ‘
R IR B

[PPSR
e

||

e 7 ey = & R, —
Chiadici jednotka pro 1 rack Redundancs N+1 Jadna jednotka pro 2 racky
cooling unit for 1 rack redundance N+ 1 single unit for two racks

[—=

1

Lo i = = | U
A A A

Snadné fedenl chlazen! jehiivost a vjkon Jadnotka mazi chiazen! mdza
slojanu s vysokou hustotou  pro nejnaroén&jél blade servery chladit 2 stojany; vhodné pfi optimalizaci
easy cooling solution for -~ maximum reliability unit and inter-fack cooling may
high density rack and ouput for the most chill 2 racks

demanding blade servers
Obr. 2/ Fig.2

Simpler and cheaper solution of closing the AST
Smart Corridor may be applied for less sensitive instal-
lations, being created by vertical transparent PVC insu-
lation strips of 3 mm thickness as well as a roof made
from GE® Lexan polycarbonate, which shows a higher
resistance and thermal insulation if compared with
glass, enabling this way installation of sensors and other
elements. Structure width may be set arbitrarily based
on installed technology, height of 37 U to 48 U.

Useful Accessories

Except of the above mentioned accessories, we can
say, for standard solutions are available different more spe-
dial products, enabling cost friendly chilling system opti-
mization, simple capacity increase for existing system or
achieving other parameters realizable with difficulties.

The simplest accessory, AST Smart Air Deflector,
optimizes air flow, lowers heat losses caused by mixing
hotand cold air, and improves this way the chilling effi-
ciency for upper parts of racks. Subject matter concerns
the panels of flexible height and fixation, to be installed
by the rear edge of the upper part of racks.

Cooling air flow optimization, in this case from below,
is enabled by SAIFCR Cool Air Distribution Unit. This ven-
tilation unit is featured with dimensicns of a slime server
and used to be installed at the lowest position of a rack.




Airis sucked from the doubled floor or from the room and
is exhausted directly in front of suction holes of the ICT
equipment — with respect to high velocity the cold air has
better access even to the servers located in higher parts
of a rack.

kW na jeden aktivni modul. Ve spojeni s fe$enim uza-
viené studené ulicky se dostdvame na vykony 30 az
40 kW/rack.

UNIFLAIR
Active Floor
Module represents
similar from the point of
view of functionality, but far
efficient and intelligent solution.
Subject matter concerns active floor
module of 60 x 60 cm, which used to be
installed into doubled floor in front of the rack
face. UNIFLAIR AFM directs the cold air thru adjust-
1 able lamellas directly to the thermal stress sources and
creates compressed air bubbles, which are ensuring con-
hiiky stant air temperature within the overall height of a rack.
| Fig.3 —Bfablisl)fﬁe:)! afSAJIUf?Gtm corridor increase efficient chilling considerably, would ensure Iite iligen t control system of the module changes s
also physical security of the equipment
‘ _ flow based on current thermal stress, which is indicated
by means of thermal sensors located by the air outlet from
servers. In combination with automatic air pressure control
inthe doubled floor (AFPS) manufacturer guarantees opti-
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Pro ,odchyceni” tepelné zatéze z jednotlivych

stojan( s vy33i hustotou je mozné pouzit rovnéz
specialni dvefe SAIFOR High Thermal Removal
Door. Tento jednoduchy a efektivni systém
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mum rack operation with thermal stress of up to 15 kW
per a single active module. In connection with closed cold
corridor we may reach the outputs of 30 to 40 kW/rack.




nahradi dvefe rackové skiiné. Ventilatory s ply-
nulou regulaci otacek odsavaji horky vzduch
z rackové skiiné v celé jeji vysce a vyfukuji jej
hornim okrajem dvefi ke zchlazeni obvodovymi
CRAC jednotkami.

Zcela samostatné chlazeni stojant umozhiuji
chladici dvefe AST Smart Rear Door Heat exchan-
ger. Ty jsou vybaveny vlastnim vyménikem voda-
vzduch, ktery zajisti chlazenf stojanu s vysokou
hustotou ICT technologii az do 30 kW. Horky
vzduch z techniky je pfi prichodu dveimi zchla-
zen zabudovanym vyménikem na pozadovanou
teplotu, takZze tepelné nezatézuje okolni pro-
stor. Dvefe lze nainstalovat na novy ¢i existujici
stojan a je k nim tfeba privést chlazenou vodu
nebo jinou chladici kapalinu. Vzhledem k absen-
ci pohyblivych ¢asti je zafizeni z hlediska Udrzby
velmi nenarocné.

Pokrocilé ladéni systému chlazeni

Jak jsme si v kratkosti ukazali, moznosti opti-
malizace systému chlazeni v technologickych
prostorach je mnoho. Cilem je vhodné sladit
pozadované parametry s rozpoctem a flexibilitou
systému. V pfipadé modernizace existujicich pro-
stor nebo ladéni systému, ktery nezvlada uchla-
dit uréité partie, je dllezité pfesné zmapovani
stavajiciho stavu a pribéht v klicovych bodech.
Lze tak Gspé3né usetfit investi¢ni vydaje. Snadné
fedeni v takovém piipadé nabizi napf. AST Smart
PUEmeter, ktery lze ,pfipnout” na bézici systém
datacentra a zméfit vie potfebné bez vypnuti
jediného serveru. U novych instalaci samozfejmé
zakaznikim doporucujeme integrovat pokrocilej-
3i feSeni monitoringu, které kromé jiného umozni
i priibéznou optimalizaci systému chlazeni.

Kdyz se podivdme na reédlné instalace a zkuge-
nosti zakaznikd, je jasné, Ze podobného cile Ize
dosahnout rGznymi cestami — ne kazdd je oviem
efektivni a vyhodna i z hlediska ceny, provoznich
nakladd a moznosti pfizplsobeni ménicim se
potfebam uzivatele. Pokud si nejste jisti, netes-
tujte své napady na zékaznicich. Konzultujte je
s odborniky, ktefi maji s uvedenymi produkty
a fedenimi letité zkusenosti (kontakt na titulni str.
tohoto ¢asopisu).

To capture” the thermal stress from particular high
density racks we can apply also special door SAIFOR High
Thermal Removal Door. This simple and efficient system
substitutes the door of rack case. Fans with continual
revolution regulation are sucking the hot air off the rack
case within its whole height and exhaust it thru the door
top edge for chilling by peripheral CRAC units.

Quite independent rack chilling is enabled by chill-
ing door AST Smart Rear Door Heat exchanger. These
are fitted with own heat exchanger of water — air type,
which would ensure chilling of the high density rack for
ICT technologies up to 30 kW. Hot air from the instru-
mentation is chilled to required temperature when
passing the door by built in heat exchanger that is why
it does not generate thermal stress for ambient environ-
ment. Door may be installed to a new or existing rack
and it is necessary to feed the chilled water or other
cooling liquid to it. With respect to the movable part
absence the equipment is, from the point of view of
maintenance very unpretentious.

Advanced Tuning of the Chilling System

As we showed briefly, there are numerous possi-
bilities to optimize the chilling system in technology
rooms. Target is to adjust required parameters advanta-
geously with the budget and system flexibility. In case
of existing room modernization or system tuning, fail-
ing to cool certain parts. It is important to map existing
state and courses in kea points precisely. Investment
expenditures may be saved successfully. Easy solution
in such case is offered e.q. by AST Smart PUEmeter,
which may be connected to running system of the data
centerand to measure all necessary parameters without
switching a simple server off. Of course, for new installa-
tions we recommend our Customers to integrate more
advanced monitoring solutions, which, except of others
enable continuous chilling system optimization.

When we would consider actual installations and
experience of Customers, it is clear that similar target
may be achieved following different ways — however,
not every way is efficient and advantageous also from
the point of view of price, operational costs and possi-
bility of adaptation to changing conditions of the user, If
you are not sure, do not test your ideas within Customer
projects. Consult it with experts, who are familiar with
the above mentioned products and solution for years
already (contact on front page of this magazine).




