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CLIì4ATIZATION OF INDOOR SPEED SKATING RINK

Bent A, Eørrosen and Ghr. Nørgaard t{ad¡en
Techno ConsulÈ Goneultlng Englnecre, R6Ð

Sendvlka, Noway

SIJMMARY

An indoor speed skatl¡¡g ar€¡¡a (400 u) ls now belng bullt ¡t H6Dar for the 1994
Wtnter olyupics hosted by the clty of Llllehamer, Nonray. lhe volr¡ne
encloslng this 22.000 ¡2 êrena fs approxf-nately 350.000 n¡. The coneept of
creatlng such an ènormous volume, and ¡t111 belng able to keep control of the
clfnate conditlons, r€presents a signlflcant challenge. Today, only 2-3 other
erenas of slnilar slze exlst, and the ualn goal for a ner¡ rlnk Dust be to
offer the best condÍtlons avaÍIable, both for EpecÈators g¡¡! not the le¡¡È for
the athletes. lhis task ls both denandlng and lnterestlng. The lnspirfng part
ls that this challenge can to a large extent be solved by the HVAC-dlsctpllne.

Ttre paper descrlbes the nr¡narlcal sloulatlons shlch have becn perfoned ln
ordcr to optlmize the cllnatê ln the akating rlnk durlng the coupeÈftfon - ¡¡¡d
planning phase. Ttre work perfoned has al¡ed at three naln targets:

Cllnatizatlon for oa:<inr¡¡ aÈhletlc perforuÂnce.

Glir¡atlzatfon for beat pocslbl,e thcr¡al confort.

CllrÛatfzatlon/erergy control for an environ¡encally end econonlcelly
acceptable post-ol¡ruplc perlod.

So far, the results obtelned fron the sfur¡latlons have proven ¡ucccsaful.
Coublned wlth englneerlng c¡lculatlons, deckton naking h¡s been vrsÈly
Lrproved.
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CLIMATIZATION OF INDOOR SPEED SKATN.TG Rtr\ü(

Bent A. 8ørresen and Chr. Norgaard l{adgen
Techno Consult Consultlng Englneers, R6Ð

Sandvlka, NonraY

INTRODUCTION

An indoor speed skaÈlng arene (400 n) ls now belng buflt at HåDar for the 1994

Ii¡inter Olynplcs hostãd by the clty of Lflleho-er, Nonray. Ttre voh¡ne
encloslng-túts 22.000 nz árena ls approxlmately 350.000 -u3. Ttre concept of
creaËlng such an enotilous volume, and stlll befng able t9 k¡en control of the
cllDate condltlons, represents a slgnfftcant challenge. Todåy, only 2-3 other
arenas of slnllar slzå exlst, and the naln goal for a new rlnk uust be to
offer the best condltlons avaÍlable, both for spectators ¡¡¡! not Èhe least for
rhe athletes. Thfs task 1s both denandfng and lntetestfng. Ttre lnsplrlng Part
1s that this chsllenge can to a large exÈent be ¡olved by the ll\IAG-dleclpllne'

TIIE PROBLEM

By constructlng a Protective bulldlng erwelope over the êntlre lce surface,
tire cornerstonã ha" been lald for opttogn attrleÈlc Pcrfo¡DAnces. Ttrus, the
distance betneen success and fallure ls uarglnal. tJtren ahieldlng ¡n lce rfrrk
fron envlronmental loads, you wfll sl.multaneor¡rly encloac a nuubef of r¡nr¡anÈed

internal loads 1n the arena. These are:

- Heat load fro¡¡ persons, llghtlng a¡rd other technlcal equfpnent.
- tfoisture frou persons and clothlng.
- Insufficlent and/or Inadequate ventllatfon.

As seen at other large lnternetfonal cha¡Plonshfpa, thfs DAy gfve_P_rob19-n¡

related to fog and coindensatfon. Slupllfied, the probleus are tvo-fold: [11

1. In speed skatlng r¡here Ghe classlftc¡tton 1s ebsoluÈe ln tlue and

relaied to skateis 1n oth€r heats; a rurglnal change ln the condltfons
can be severe. One could state ttrat cll¡¿te control Dr¡8t focus on

ATHLETIC PERFORMANCE.

2. The ctluate condlÈlons w111 also havc ¡ great lnflucncê on the running
costs of the arena, both on a long - ¡nd ¡hort terD. An unna¡rted
scenarlo sill conslst of:
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condènsatlon and.uouldy'roÈ oh ;gúrf¡cea rnd ¡tructurar elenancs.
Hersh workfng condltfons for Èhe arployees.
High energy consutrptfon
Log confoit level ior the sp€cèators.

Sunnarfzed, the cllnatlc control nusÈ also focus
TTTERMAL COMFORI.

', 1'a
j,i

THE COAL

Table 1: Theore cal' calculated

on ENERGY IIEASIIRIS and

foproveuent due to hlgher aÍr tenperature.

g houra ¡nd sfnulatfon hourg that have
the clt¡¡ate 'control ayatem for the so
Qhip, çqn be sr¡marfzed ro: Keeping a
huofdfc! fn Ëhe vfctnfry of thã tãe_

':r 'r " j' ' !. : 
and rt'ulng on the speed ekatfng slab'

At'the came tlme, ue,.yrsh to, Èàep a,rêl¡tivGry. hith te'p€reture frou theskate-rs knee-hefght and upwards. The ràason eor"ihtã-te rtil-Jnã1.-¿"..1."-1"afr denslÈ¡r wlll loner the tota anartificial hfgh altitude arena.
lowdihg.r"of ãõ 

"."or,¿" on a 10. 
ble

prödl';t"éå; 
"ã"-fãi"t ourpur rn 

"::at- !€ ic,oEparaÈlve outdoor track wlth the a¡bfent teEperaÈurê 20K loser;r geetable 1:

Assr¡ned zeto air .veloclt¡l a¡rd,20 K h{gher 'i.ndoor tenperÂture

FINISHING-TII{ES DUE TO HIGHER AIR-TE¡IPERATT'REINII.íPROVET{EÌ{T

olltDooR IIACKS ITÍDOOR TRACKS

500 u 00 ¡ee. 37:L2 acc
x

15ú0 n L,55:26
5000 n 7 ;00:00 6,5Ot2l+

15,00:00 14,39:00

P: \OL\721920\np51\noank002 . doc



67,:.

CLIMATIC CONTROL AND ENERGY MÄNAGEMENT V/AS'FOCUSED IN TTIE

PLANNING PHASE COMPETITIOI.¡

Durlng the pre plannlng phase, before the deslgn and plannlng te8û l,as''cho3en,

a conplete òonputerizeã iof.tfa'Oy.,"tlcs ('CFD') sl¡ulatlon wae carrfed out' The

code we used was the PHOENICS, velslon 1.5, as degcrfbed ln reference [2]'

The matn obJecClve wlth these sfmulatfons uea to eetabllsh an r¡¡rderstendfnt
of how dlfferent ventllatlon princlples sould effect hlgh load condltfons '
both regarding athletlc performance and the¡:nal confort for the sPectators'

The relulÈs frón Èhe coDprêhenslúe slnulatlona can be presented by 5 n¡f¡s:: I3l
." 

jij _-
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tl2:_ Adj.qcent suoplv - ¡dxl¡s-l . . .

: Large afr supply nozzles 6 n apart, ak supp,ly fron the cefltng,
lsothernal. 2-dfnensf.onaL ventiration effects, the uixlng createsa vortex whrch lnpacts dlrectly onto the lce. Large coollngeffect ln the spectaÈor area.

dlra
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1_Fig, 2; AdJacent supply - nlxing. ": 2.oo n/c

ll3: Adlacent supoly. Iow alr velocfÈJ¡-nlxlng

oo the celllng,, alr velocfty).
plune over the

onLai

T

I
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-: 

2.OO a,/o

Ffg. 3. AdJacent supply, Iow alr velocity - nixtng:
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ll4t Displecement v€ntflatlon. _lontemperature et,dce level

The afr supply 1s, low 1n lnpulse¡ ¡rlth a Èenperature belort
anbient, Dfstinca'stratlficatlon ls achfeved; -very low velocftles
in the entlre arena. Dry,:-coot alr coversr the lce slab before
turning and enterlng ithe stands. The posslbllfty of extracting
EolsÈ alr over the stands ustng a nodlffed extract hood-prlnclple
was . inves Thls ,,tras..rrot successful

@'Lñ

ûtñ

-

TÊEmln€ r'cl

@

I
l

lt5

:l

Flg. 4. Displacenent ventllatlon,
lcl lffi

lon t€Dp. at fce level.
'i, ¡.i i-:

Disolacement ventllatlon. hfgher taroerature et lce level
| '; 

- : 1 , :: ':

,The sslutl.an fs the sarne,es $4, except that: the alr supply ls
.ìkept;at Ì5'C. Stratificatlon tends to' last, whllê,the dry supply
alr ,¡¡oves directly upwards ': along the stands':; : A slgniflcant
lncrease fn moisÈure transport towards the lce slab, fs êxpected.

_ ,) ¡ ¡ " I
.i2

IECM tr4Ir
a.t
4.3

6,6
1.6
9.0

10,2
t¡.4
t2,6

tg.0

Fig 5, Displacenent ventÍlatlon, hlgher teûperatur€.
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After the pre-plaruring phase, lt was decfdad thet the Hanar olympfc Ha.lr was
to be put ouÈ for a proJect-/prfce-competltfon r¡¡rder a turn:key contrect.
laking Èhe need for a high level o,f technlcal ¡ki,Ll lnto conefderatlon, the
cornpetltlon ¡¡as uade'very speclal. Focus wes put on, .

70

' Arèhftedrùraf -de3fgn;''-
Adaptablllty ln the Ia'ndscape.
Envlronmentally acc-eptable Daterlalg and teihnf cal solutions .

. Energy njnagelent end IIVAC syatêEs ,whlch wlll glve optlur.rn
' ", 'flexf.b'f llty åé' welt 'a3 low an¡¡ual ,cosrs.

' Durint'phäe 1, 6 coipetltors gave thelr lndlvidual solutfons based on a rfghr
, descrlpÈlon, The scope stated clearly that a low teuperaÈure sater based hãat

dlstribution systen should be lnstalled. Ttre energy aource was to be .waste
,l 'heat fron the Lce-nachinery; I{ater-based floor treaètng fs used ln the shorrer

rooDs, 1n the r¡ardrobes and ln the adJacenc ffre sÈatfon. Elaewhere, low-
tenperature radlators, convectors and heating colls ere used.

,-'Íilôrder to oþclirläe heat ïecóüery fioo the naclilnerr, ourdooE tenpèrature
' conpensatÍon an{ ¡ratar-slde serles couplinge f¡ extenefvely ueed.

$f"tq¡ an lntensç ltcruËlny'.pf Èhe.6 very htgh qualtty proposala, .3,.ffnalfsts
nere chosen. Tt¡e evaluaÈlon nas based on tt¡e couprehenrlve. eolution,
enconpasslng all englneerlng aspects as sell ¡s êconoEy. Tt¡e 3 ffnallst8 t'ere
glven fndividual coments and cr{tlcs.

P : \OL\72192O\wp5l\noanlcO02. doc
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PHASE 2

In;phase 2 orf the conpetltlon, Dore qt¡antltative den¿nds were glvqn for the
clluate ln the large voh.rme. Table,'2 glùee,'the exact,nr.¡nbers. . I ' ,

Table 2. Ttre quantftative cllDate den¡nds glven.

In addftlon, functlonal de¡¡ands retardfnt the lndoor clln¡te scrc ¡¡adê ectÍve:

- Fog fs not to exlst at any place. ftre local efr huoldfty n¡st therefore
be kept lower than the local dcw-pofnt tcDPêraturc.

Possfble Deasurês: De-hr¡nidlflcatlon rlrnd/or local heatlng.

- GondensatÍon and/ot drlp froo the celllng and salle shall not be fou¡d
durlng norual condftlons after the fce ¡lab has been prepared for the
Season.

Possfble Deasurss: De-hr¡nfdlficatlon, local heetlng, 1ou eol:clvfty
naterlals.

r+ rlô.ç
80 1

Maxlmum outdoor tenperåture .i
Maxlmr¡¡ outdoor rel. huuldity :

Maximr¡m nr¡mber of spectatqrs : 6500

P¿rt of the
volu¡e (zone)

TE¡'ÍPERAI'T'RE

['c]
HUIIDIlY

1,z/},e)
AIR VEITOCIIY

|n/sl
Noroal Mlnlor¡¡o Not¡al llaxinun Notnal l{axlnun

0.2 'to :1 .0 n
dùer thè spêed
'skatlng track 10 6 ti 'i o:1 o.2

1.0 to 2.0 n "over the speed
skatlng track I

L]

5 < 0.1 0

0.2 tô 2.0 rir,)ovêr the
bandy fce 3 5, < 0.1 q.3

14 L2

.,...,,
Ã¡r¡c-
tlonal
dauands

'll

l\¡¡rc -"

tfonal
denand¡ 0.3
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The conpetltors !ùere also trnforned that a verlflcêtlon siEulatlon uslng C!'D
would l¡ave to be perforned durfng the detefl proJect phase. Durfng an
lntenslve evaluatfon perlod, all three fiuellst¡ reached a vet7 high level of
technlcal opti¡¡fzatfon. During the construction pha8e, the rirurlng proposal
frorn ole K. Karlsen, the so-called vfklng shtp, has been develop.a inrthe.r.

The
for

ToÈal eupply-afr to thä aiei¡a:
130,000 n3ll¡ fs supplled.'au dts fon,strh the possfbil-
tty of dehtrnldifylng rhe afr r resr,
70,000 n3j/h ean be sUpplledrae n.

: 1/Ì

De-hunldffyfng capaclty of 650 kW,
nâchlner¡|. rr . .l

:.t

wl¡tch fs aupplted frou the lce

Addltlonal aupply alr for the ¡rardrobee, technlcal roons and office-
röoms: .53:,000r|!s/h.: 1 :

VERTFICATION SIMI]IA'TIONS

As uentfoned, the proposed t{vAC-desfgn h¡d to pess through a verlficatfon
slmuratlon. our cFD-Phoenlcs verston 1.5.3 yas ¡1¡o u.eed for thfa putaose, and
the flnal geonetry nith revlsed atr-suppry princfptes yag establr¡hed as a neuuodel. [4]. An l¡rterestfng nen aspect ln the slEuratfons eas the bandy-ice-
surface r¡hlch enlarged the totar fce aree frou approxlnately 5,000 n2 to
10,000 nz.

The maln circulatlon ln tle viklng shfp vee fowrd to be donin¡ted by three
large, but relatfvery weak vortexes, the Eain drfvfng forces befng:

- Supply of cold afr ar the lce 'lèt¡óI. i1 'r:

' HeaÈ suppry fron spectators and the llghting systcD over the ¡ta¡rds.

P:\ol\721920\np51\noank002.doc : ^ ,ì,,.
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- Ttië llghtlng sysGen .fn rthe nfddle of 'the erene:'"'
: J, _ð t,; :.. :l Í, ,

The maln':^voftexes, as aeen:fri'flgure 6 are: :î I :

i

I

I
I
I

i

I

I

I

I

!

i-
t'

2

5

.q

1.1

t€
19

21

x

HâñNF O! ñKS: liJon¡NG I PHOlMCS

ril

',rFfg. 6. Maln afr clEculatfoaJin the'rvlkfng 3.ltlP

a) GoId supply'alrrùhtah, sklos along,ttre lce eur'façe tower,êa ttre ulddle,

b)

thereafter returnfng to the stands.
i '" ,1:', , ',' ,': ':.: | '!.:, . 'j- ', ,

The return alr passes over the 8Èa¡rd5 and 13 Ëhen acçelera¡ed due to
the heat reJectlon fron the sPectators and Ilghtlng.

: 1¿ :

A free standlng, Bnall vortex is ssteÞltrehedi over ttrg, lfghtfng
equlpuent near the centerllne of the Hanar Ol¡nplc Hall.

c)

The afr vo\¡me lnvolved ln the vortexes ls conslderably larger than the totaÌ
alr supply. fhls explalns the markedr.eqr¡aIlzåtfon'of Eofsture over the entlre
voh¡me| as seen ln figure 7:

a,"l

, l: li':

'l.

:' {' I . rt;Ì,. i -t t¡i .: --:. ...:.. ;.

FLg. 7. üofsture concentratlgn.
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Sumarlzed, the alr flow-pattern and ttre ¡¡ofsture dlstrlbutfon show very
pronlsing results. As shown ln figure 8 , the alr veloclttes sÍll be very low,
and the molsture content w111 always be'loser than the dew polnt tenperature.
These are facÈors that slll posftlvely affect the lndlvfdual. ¡k¿ters naxl¡r¡u
abfIlty.
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.f -. ! ¡, ¡: :Alr huntdlty (lncludlng dew point teuperature) and efr t6Epera-
ture Ís shown versus hefght above lce surface. Dlstance fron
ar€¡ra centêr 1¡ lndloated.,. r,- 7 .n ¡nd 29 n, raprerenta bandy
reapectlvel,y apeed akatlng ¡urface,
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'.i

@ONCLUSIONI,

For large enclosures, for lnstence concert hellc, Lndustrl¡l t¡¡11¡, sporÈ¡
arenas and shopplng ualls, Èhe use of advanced flo¡¡ slmulstfon tool¡ ls
beconing n the des-lgn phas.ç¡. tile,,ha¡rc, however, aeen
large_eng lng lnro Èhe GFD uarket end jlving lt up efter
2 yeaùs, losses.

Our , experLence fs, thet ihls tool ,oust be ueed ln a group rlttr stront
englneerlng and fluld flow lqrowhor¡. CFD progra¡s have a neêd for cxperlenced
personnel, and therefore a rathei large anount of flos orf-enÈêd proJscts.

For Hama¡ Olyopic Hatt - Ttre Viking Ship, as vell as for othe¡ oflonr off¡horc
, and lndustrlal proJects, CFD-slnulatlons have thfs flr pr.olen, coetly,'."but
, ¡uccessful. Conblned wtth engÍneerlng calculatfons, declalon-n¡ktng her been
'vastly fnproved.
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