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,'8STRACT 

SlllULAR AIR le • computer code for calculatlnc the 
th:rM d)men"ional transient lnduur 1tir Onw Ullftl I k,C 
_ turbulence model. It solveo th• nonlinear panlal 
dllft'renllal equ•tlono for mom•ntum. enargy. continuity, 
turbulono• 1nd air purlly by an Implicit llm• marohlni 
tee:hnlquo. The equation• ore modeled by 1 nn1u volume 
prootdUr·t , The model htndl"' • varltt.y of no•. 
1-1>9ratuN and hou Ou• boundary oondlt1on1 lncludl111 
pN1crlbed 1nnoH and ouHlowt. AU boundary condition• 
can be denned llm• dependent. Th• oomputar code 11 
able to huidlt obatacleo ln the now reclon to 1lmul1ta 
tumlture. Th• rHUIU are prHented araphlcally on the 
1creen or aa numer,cal ouic•ut on a printer or • n11. 

SlllULAR AIR 11 avall•blo ror work1utlon1 but can 
.i.o be run on a 1tandard PC with an 80388 proceHor 
and either an Intel 80387 or a Weltek coproceaaor under 
U elltended DOI! operatln& syltem. All modUIH or the 
procnm (preproc111ln&. calculation and araphlcal 
oulput) are menue driven and provide onlln• help. 

The pro1r&J11 ha• been uHd to calculate air 
movem•nt, dl1trlbutlon of temperature and IHctlon of 
rreall air In a th'" dllllenalonal 11odel ....,,. with 
alttmatln& alr ouppl)' and uho.ust. Re1ultt or two 
calcul•tlona on a PC with re1pectlvely alttmo.tlns and 
ac.tlc tlr 1upply 11!0• onl)' minor dltr•rtnCff. They 
1111"8'1 Well With ellpertmental JnvHtl1aUon1 Of the ll.nle 
room In both caeH. The only lnfiuence or the 
alternating ventUatlon 1how1 up to be a raeur reachln1 
the final distribution. 

INTRODUCTION 

ln order to mlnlmlze the energy con1umptlon ot alr 
C001dltlon..i bulldlnp or to optlmlzo the coarort Inside 
raoms normally expensive experlmenta are neeeuary. 
Since the cosu or computing power have developed a 
rapid decreuo during the laot decade, numerical 
slmulatlon1 of IUr now wlthln rooms are a tool of 
accordingly lncreulng Interest. They may support the 
deol1ner In optlmlzln1 the layout and thereby reduclns 
the cosu of experiments. experlmentl art 1tlll 
neceHary to valld1te numerical resulta and wtll remaln. 
But with valldatft<I algortthm1 prediction• on air now In 
rooms of st1nd1rd layout can be achieved wlthln days 
or hour., that cloHIY resemble the reliability of 
experlmftntal re•ulta:. 

Alt.hou1h the mathemath:al mo'h~li. for a realistic 
slmulatlon or air now tn complicRff!d fhroe-dt•en111onal 
geom(ltrlea or •1th extreme boundA.ry condttlan1 still 
rP.qulrc lhP. cmnpulatioual power or large mainframe 
systems. the same algorithms prudur.e aufrlclently 
r1nlllst1c results ror two dlnw11!'i1111al rases ur not I oo 
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compllceted throe •1l••n1lon..t s-•trlH within hours or 
computing tlme on a standard PC •ith common h•rdw•re 
conflcuratloo. 

Tho coNputer proarui SlllULAR AIR hu b9tn 
ported on a PC with rour 118 Internal me1110ry and a 
1tandard VGA craphlcs dl•play. It's u1•1t only requlreo 
th• 1alectlon or menues and tile muns out or ronn1 ln 
order to define the ceo•etry or Ille ,_ under 
conoldero.tlon. After the calculation I• finl•lled, the 
ro1ulU can either be vl•••d In a throe dl,..nolonal 
dl1pl1y or th• 1•0111etry or a plan• ln one of the •pace 
dlnctlono may be Hl•cUld for a two dl,..n1lanal 
dl1play. 

Al a sample application thl1 report preoenta oom• 
computational r11ult1 calculaUld •Ith SlllULAR AIR . 
Their campart1on •Ith u1>9rllllent&l r•ultt on the ...,.. 
naple room conft1uratlan tho•• the Sood quality or the 
•l•ulatlon. Th• wk or tile celculatlan ... to sho• lf 
elttmatlnc alr 1uppl)'/oxhau1t could reduce the net 
enel'I)' conaumptlon for th• air condltlonlnc of a 
reall1tlc 11.n1pl1 room. Calculatlona and oxperliaantt have 
thu1 been performed on the auie r- 1eo .. try with 
each, altematlnc and static air 1upply/exh111.1t. 

SlllULATION llETHOn 

In order to predict the velocity and the 
tem1>9rature field the con1ervatlon equation ror mas1, 
momentum and enert)' have to be 1olved. Coulderlna 
the lnfiuence or turilulence lt la necuoa17 to Include 
additional equations to detcrlb• the turbulent bQavlor 
or the alrfiow. SIMULAR AIR employs the k,t-turblllence 
model proposed by (Harlow et. al. 1968) and (l.aunder 
et. al. 1972). Tll11 oet of model equations wu orl1lnally 
deslaned for hlgh-Reynolde-nuber tlow. 

Jn the preaent c:owiputer code the ettuaUon1 A.re 
uoed ln coll)unctlon •Ith wall tun<tlono. that should 
dHCrtbo tho flow near the wall. P'or the dependent 
varlablH Hml-emplrlcal relatloaelllp1 are ued, baoed 
upon the runct1on1 or the d...,noloaleae dlotance nonao.I 
to the wall: 

., .. ~ 
ll 

(I) 

The parameter y' hao been u1ed by (Schllchtln1 
J 9G8) and othr.rs to correlate e.1.perlmental-dietermlned 
flow oroperties near the :'all. The near wall ""&ion l,_ 
devldod Into a viscous (y < l l.83) and an Inertial (y 
> 11.831 aublayer. 

Jn thtt pre11enl version of SJMUt.AR AIR the kinetic 
energy k and the dl1aipatlon t are furthermore 
dotermlned rrnm : 



and 

with 

a - a - - a 11 ... at 
- (p .t) + - (p ul .t) • - (--"'- -) + II, G, -
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., • - --..!!!__ 
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(2) 

(3) 

(4) 

(5) 

The etfectlve vl1c:o111ity u11 ts the sum nr the turbulent 
and thft laminar vl•coslty, l.o.: 
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wlLh r.he turbulent viscoslty 

11, • c ji ~ 
• • 

The constants are gJven by: 

c1 " 1.44, c1 • 1.92, cl • o.8, a, " 1.2174, 
a1 • 1.0, Ci " 0.09 

(7) 

(8) 

Tht SlNULAR AlR computtr •ode uaet a Onlta
Volum• procedurt to 1ulv111 th• ·tranel•nt thr.•-dlm•n.-
1lonal conttrvatlon tquat1on1 or maa1. mom•ntum, 
t11rb11ltnca •n•riY. dlulpacton rat1 and air pur1w. l'or 
the tomporal dlrrerontlatlon or aJI var1u1 .. a Cully 
lmpllclt •chtme It u1td. The •olut\on procedura 11 a 
revlovd verslo.n or tho SlNPU: a.lcorJt1110 •Ith undar
rtlaicatlon and ovtrall pr .. ourt correction (C&Htto et. 
at. 1972. Charin 19e8l. 

Tht pre11nt rtluoo or Sl!!ULAR AlR •or~ •Ith 
temperature dtpelidtnc dan11iy, vlscoolty and •P••ltlo 
heu capaclcy, Tho wall hut nux 11 calculattd a1 a 
runctlon or tho dlmen1lon1lu1 11au coordlnac• aa 
propa1td by (Reynolds 1974) 

•Ith 

P • 'ii (~ - I) (~)'= 
o• a, 

and 

ror 1' < 11.63. 

The constants ar& given by oc = o. 7 and o~ :1 0.9. 
The turbulent veloclty Is denned as 

(9) 

(10) 

(11) 

j 

i 



l:SAr;E OP SlMl'L•\ R AIR 

SIMULAR .11.IR usr.a /1. rec tangular coordlnat.A syatr.m 
ro r t.he detlnltlon or the nntte volume cell mesh. All 
the coordlnar.es of Cffll boundaries in each dlrecUon a.re 
deflned by th11 user. Thus lt Is possible to define a 
mor~ ctoualy spH.eP.d grid in thP. moll lnterestlng regions. 
or In thostt, where steep gradlenta or the dependent 
variables art:t AXptu:tart to develop. More compllcnted 
roon1 geometrlet and obataclaa ln th• tlo'tl domain can 
bL' derlnod by nnt enclosing th& room In the smalle!lt 
possible rectangular volume and then deletlna calla or 
e,ruuptt of coils at any locKtlon. 

All the boundaries of ob1tacle9 or tho1e 
surroundln1 tll• now domain may be denned to be or 
une of three typaa: soHd wall, 1ym111etry plan• or 
Inlet/outlet. Accordln1 to tll• typo. boundary oondltlons 
can be set up In dltteront HYO: ror ~ •olld wall tlle 
temperature. h•at nux and/or heat tr11.n1C•r coefficient 
may be glv~n; tor an lnlec/outlot boundary th• velocltY 
pronla, maaa now rate, com-p•r• ture and pre•1ur• may 
be denned ror as many dltreront tllllu H 1ppropr1au. 
TllH• values "' certain tlmu ... Ultd ror • Unur 
lnterpolatlon at the simulation time step1. 

!'or tlle Input or data d1nnln1 the 1eom1try and 
boundary oondltlons SIMULAR AIR UIH a menu• and 
Corm drl van usu In terrace. Ir •om1 Input atfecta Input 
at other location• In tho Input data Htl ror oon1latanoy 
reaoons. the latter la updat*<I aocordln1ly. Thi• rnakee 
SIMULAR AIR easy to uu tor non-uperu u well. 

rnaclllne CPU-time total tlmo ~· ... .... 
CONVEX 220 88 ~2 

VAX 3200 505 711 7.7 

PC Compaq 385 344 3.T 
(25 Mffz.Welt1k) 

PC 385 (20Mffzl 
with SCB BSD 124 1.3 

PC 1811 PS2/8D 
Clntal 80387) 757 8.2 

HP Veotra RS 20 
Clntel 80387) 580 7.4 

Startdent 3000 (I CPU) 52 0.56 

~ Comparison or oomput1n1 tlmH or SINULAR AIR 
on Vllrlous h1.rd•are conncuratlone. 
Th• bonchma.rk 11mulatlon used: 500 oell1. 10 s simu
lated t1m1. 110 lterat1on1 1 lnl•t. I outlet. !rH 
convection , dlrtorent 1nll temperatures. Tllo executable 
code hod been compiled with maximum optimization on 
Con vex . VAX «nd PC. wltllout optlml•Rtlon on tho SCB 
850. 
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SIMIJLt\K ArR rP.qulr~~ an An:urn - IAM AT or 
co111i,..a.tlllle p~rsona.I compuLt:!r with at least 4 MB of 
mf!mory a nd lin 80387 - or Weltek - tlnatlng point 
processor. A hard dlsk , or at least 40 MB Is 
recommended . Wlth 4 MB or memory SIMULAR AIR can b~ 
used ror Grlds of about 6000 cells . Table l shows some 
benchmark results, •»h.lch show, that a standard ~R6-PC 
with a Weltek coproc@ssor achieves comparably good 
ro11ult3. An acceleratlng vector copror.eaaor board such. 
as the SCB 850 oan oven mak• SIMULAR AIR on the PC 
nearly as rast as a CONVEX 220. 

SlMUl.AR AIR ts made up or !leveral components. 
the most important of which is the maln module, that 
pertonns the slmuh,tlon calculation. Before the maln 
iuodule can be started, a pre-procoaa1n1 haa to be 
performed. Le. the lntorrnatton about thu room geometry 
ha1 to be cast Into a Corm that enablea the maln 
,.odul1 to adreH any oell and ~11 It's nelghbon 
ernctently. Bealdea several module• tor the conversion 
or datuets tlle third m&Jor module Is tlle craphloal 
output. In order to enable lnepeotlon or tlle rHUltl or 
a completed oaloul1Ulon on a PC with \he standard DOS
memory or 540 KB only on• llm1 •t• P or the simu lated 
period oan be viewed ~t a tlm1. In tho 1raphlcal output 
any or the dl1trlbutlon1 or t h• d1p1nd1nt varlabl u oan 
be vlowed In any plane eeot lon by ••l•ctlnc tlle plane 
will\ a polntln1 devloe CmouHI or with oureor keys. 

SAMPLE APPLICATION 

The room llnde t oonalderatlon In the sampl e 
ealoulatlon • ea 1n omco room or 10.7 m 11ncth. 4.46 m 
•ldtll and n.4 ID hllCllt (picture II. £l1i1t lnlet/ouUet
d•vloH were oquldlatantly dlnrlbuted over tll1 01llln1. 
Between them tb•t• wore six neon 11&1\t tamp• 1ppearln1 
u heat souro11 dur1n1 tlle s imulation. Two tabl•• and 
rour p1Nona 'ION arbltrartly dl1trlbutod In th• room. 
Tllo lnl1t/outl•t devloH wore oonncured u tho one or 
tlle otller In a clle11-board like dl•trlbutlon. 11al<ln1 up 
tour lnl•to and tour oucl1ts oaoll. tn two 11rnulatlon 
oaloulatlon1 the maH now tllrou1b tlle Inlet/outlet 
dtvlcH •H Inverted every 30 1 or 50 1 rHpeotlvaly. 
tbua lntercllan1ln1 tho Inlet/outlet oonnsuratlon 
periodically. Another oaloulatlon wu don• on tll• same 
oonnsuratlon but wltll steady mu• now U.1. a nnd 
dlstrtbutlon or lnlet1/outlet1). 

Th• expectation had been. tllat th• same mixing 
rate and temperature dl1trlbut1on1 oould be aolllevod 
with a smaller mau now through the Inlet. It an 
alternatln1 air-supply •&1 employed. thu1 reduoln11 tlle 
enerl)' oonaumptlon. In tll• 1ampl1 room ceomorry tho 
slmulo tlon did not sllow tho expected behaviour. 
Gen.,.•llY the nna l temporatuN and mlxln1 rate 
dlltr lbuUon irere achieved \n a 1horter time with tlle 
alternating aupply, but after a simulated seven mtnuta11 
tlle distributions did not any more exhibi t large 
dltferenoes rrom those obtained with static supply. tr on 
tho other hand t he mu1 flow t hroup the In let was 
reduced, an ovt ra ll ltH:re111 ot the mean temparature 
resulted. 

Ao on txampl o tho tamporature dla trlbullon a riar 
Ove mlnutel s lmula tod time II dltpl&Ytd tor the CUI or 
altematlng ai r -supply (pic tu re 2). A nearly ldentleal 
ploturo roault1 ror th• statlo ol r -1upply. t h• only 
dltrere nae be lnR a • •me•hM s mootller distribution . 

Tl'I• simulation calculallon on the sa.mple room took 
a net computln1 time or about 12 !lours on a 1rld or 
4000 r. P.1111 . F.vAn fta, th• resulta show a qu\te reUa.bla 
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3greement wlch the l!Xperlmentnl data, beln& achlever1 
with much hn:1s errurt. 

Mea1urftments have be~n ptrfonned ualn& the slUlle 
roo .. geometry. They cenerally reveal the same re1ult1 
aa the simulation calculatlona, the main etCect ot the 
alternatln& air-supply being hero ao woll, that the 
resul1:ln1 temperature and mlxlng rate dl1tribuUon1 were 
arrived at rut.er and that the anercy conaumptlon ••• 
not conalderably reduced. 

llJU-11-..--..-J.: D-~D (I 

~ Thrao dlmen1lonal 11eometry or the oample 
application room with eight lnlata/outlata, two tabl11 
and tour peraon1. 

NOll!NCl.ATURE 

c1, Ci• c1, c1 c 
k 
t 
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"I• a, 

turbulence model con1tant1 
cravlty 
kinetic entl'l'I ot turbulonco 
time 
temperature 
velocity In direction I 
rtolctlon velocity w1•<t/P >" 
ttn1or notatlon ror apace coordlnatu 
coorcllnato nomal to th• wall 
dlmenalon1le111 coordinate 
1u upanolon coemclont 
turbulence dl11lpatlon ,.t• 
vl1co1lty 
turbulent vlocoolty 
denolty 
dlttllolon Prandtl nU111bero 
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23,3 

~ Temperature distribution artar nve mlnutu 
tlmulata\l tlma. The vRluaa are ln dA&re• cenUarada. 
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