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BOO}I VEITTIL/IT¡ON ON TIIE BAI¡E OF

I{I'IIEBICAT }IODETLING OF AIBO- AND TIIEBIIODT}¡AilCS

Pavel V.A¡ogov
llinlng Inetituter KoI¿ Scie¡ce Centre¡

Acedery Science of Bussia

Alex¿nder A.B¿klenov
Ingtitute of lnduttrial ecological proble¡e of the

North, KoIa Scienoe Centre, Acadery Sclence of Brrgsi¿

stliotARY

Pre¡ented are the ¡atberatical ¡odele a¡d the concrete erarDleg of cal-
culetlone of eir dietributlon, of the deterrination of rcgularitiee of
velocity field forration, of terperoture ¡nd pollutant concentratlon in
ientllatêd preliees taling lnto ¿ccount the porer of therro-, dust- and
gas excretar'of pre¡ieeg conflguration, of the arrangetent of inlct and
outlet ventil¿tion openingg a¡rd of ot}er gararetcr¡.
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BOOIiI VENTILATION ON lHE BAÍIE OF

IU{EBICAI }IODELTING OF ÁEBO. AND THER¡IODYilA}IICS

Pevel V.Arosov
lrtining Inetituter KoIa Science Centre¡

Acade¡Y Science of Bussie

Alexander A.Baklanov
Inetitute of industrial ecological problees of the

North, KoI¿ Science Centrer Acade¡y Science of Ruesi¿

The effectiveneas of eyetel of ventilation, conditioning and he¿ting
of industrial roo¡e ig increasing under the condltions of induetri¿l in-
teneification. The co¡plication of technologic¿l and engineering oys-
tere of buildinge and industries a¡d the incre¡ging of ¡anitary require-
tents tete urgent developrent of oir digtribution of c¿lculating rethoda
a¡d deteni¡¿tion of reg¡¡Ia¡ities of velocity field forrationr terpera-
ture ¿nd concentration of Dollutents in the ventilated roore'

At proEent enough irportant lnveetigationa are carried out abroad in
thi; direction. Nureric¿l rodels of dyna¡ic of the ventil¿ting atres¡a

dire¡gionel or i¡otbe¡sl orgt¡itation and ¿uthore coneider eeparate
taske only. lberefore the tesk of building of ratheratlcal rodels of
ventiletion¡ coaditiouiug a¡d beating of the indu¡trial rools ig highly
urgent.

tion / 4, 6/.
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1.,+ ìr: îiiì.! .,¡: . : DESoBIPTION OF IrlODEL,ri j

', !i:;' ::.', ; , t.i i ri-ß i¡..¿,,. ,..a-,.
l{e congider the roo¡ of arbitrary for¡; (fig. l);and:,introduce rectangu-Iat eyaten coordinatee æ , U ,,2.*d use. next. reang.:

..j-\ - inside apace o-f roðãs;

þ - nunber of -inlet,s and outlets.

D

&

,il. i

t:

Fitl. lbe coLon ehape of rool.

lbe b¡sic,. equotioas (rveraged acco oJder rule) of aer,o-,
a¡d " tber¡ody¡a¡icg ¡¡d. tra¡gfer'o turbulent atroapheiefor deecription dJr¡a¡ioa of ¿ir.etr di¡tribution of pol-
luting_ ad¡ixturea in ro_ors apece ¿r Dl:

ì;' i t|

s(ff*u¡

e(*q*q#)=8*,+r¡+åS

S.=o

e(#- (u',-*r.ô,,) #)= # * t,

ô1ijE+ (1)

(21

(3)

({)
, i fj

t - tire;
lli- tle corÞone¡te of avérirgcd velocity vector .'n the

where
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directions'öf Decá¡'t.ll¡¡<eb'of syeter coordinaties;
- deneity;
- ever¿ged preaaure and deflection of air telperature

f rott"¡e¿r¡ val.'úe; ,r . ,: | : rr-, 1 '\ ! .' i

C*-concentr¿tionrof'ad¡ixtureög[poneDtwithindexÑ:
( K= l,-il); ''i

¿I only in terre of floation Lo¡ce / -1/ -íe uae atroaphere dynarics equa-
tions with Bussi¡eckts approxiaation. Such approach lillte the value of
full derivative velocity vertical corPonent

åf'u? ¡ r :

aüd "describes the p¡bcess until'coavective of'.heat, eriasion corponent
eu'rþaeees the ¡âdÍal¡t,, ile:'-bverd¡eatlng of heat: erigeion aurfaoe relati-
veli te¡peroture õf"ênviÞobrent ¡o exceede 2O-26"'c, t' : : "

V' ¡ ''. ,r .;-rì " al : -f,lf. ì :

Beynoldgt stresaes a¡rd he¿t a¡¡d ad¡ixture turbulent ¡trears re w¡ite ac-
.o"aiog to Buseineef's aDDroach bv Sradientg-of averlqcd vafu5,l,f/:

'. -: .Ì q l^tl. âll-. \ r)rrj=ffi=¡q(€* -H lKôii, :"',
Hr=-pFT{-ffi ,Hî=-p-4Tdq*,

\ù^ ifji f."- aoefficient of turbr¡Ient tra¡refer of irpur¡e, heai
-v -e a¡dad¡ixture.

tt

y¿Iues t-O f-f """ connected ritft .lrby nurberlPra¡dtl-gh¡idt

'i.i ,r'ãlì,-jii¡ :a)
i!-
6+

¡.1-rc -It-!t -
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For descrlption of turbulence tro rodels of cloeeure rere used:
- rodel of undergrid ¡cale 9r¿gorinsky-Dl¡dotff / 8/;'" - (K-8 )-rodel of turbulence / 6, 9/, I

'l

Val.uea 6ìðepende on apcce di¡engion:c fq¡'three-di¡eneional : .Droblerg'6¡ ="0-.?þ and.fo¡ two-di¡ensior¡ð¡ - ór É j0o64. :^ '
'l:': i ,)', ;:1 :' i. I 

.' t; .) ,

In'the: first variaet for detertlning of the
are u¡êd:

\t the next,correlations

rbere ,' ' . '. r

-A - the grid acale;
K - the nondirensional grid para¡eter deter¡ined experi-¡'¡'t: '¡e¡tally ( 0.f0 - 0.26 ); ,r

l"o- the v¿lue of background'coeffíèient of turbulence;
ft ¿- nicUardeonts nutber.

I{ith reali¡rtion tt¡e (K -0)-¡odel a: tur¡utent viecosity coeffÍcient is
deter¡ined aa:

. , i ,.2, . '

rhele f ' t-
( - kinetic e¡ergy of turbulence ( K =b ll"t[il t ,1

t - velocity of itg diaeipation

Yalueg' K *d f,, ,ere deterrined fror equatÉ.ona (5)-(?):
1 :'Ít '1..:: L.rî:¿-i.

#*ur#=t##"JtuG-e" 'r'

#.",#,=&(*ffiþ(q# ',J{-
G-ft,.H)'s*

:1'll'.

(6)',

(6)

.1i

(?)

rhere tbe folloning velues for congta¡ts of ¡odel rere essured:

Crc= O.os;ei*= 1;0; 6r= 1.3; C¡g= 1.44; C¿C= t.gz.

SEÎTING OF II¡ITIAT .A¡¡D BOT'}¡DABY @M)IIIOIIS AID
OF VEMIL/ITING STBEAilI¡.

;:i

the ¡et of lnitial ¡¡d bou¡d¡ry,'.conditions,del¡ødg on celoulated ¡oor
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and type of 'problel;r; Therefore the ,eet,isr ,deterlined'spegi,ficelly.ir¡lth
input infor¡ations being tahen into Ocqount:¿t reeltzatipn,.of ng¡erld¿-l
expirelents. However, rã ttrinl that it is poaelble to ¡ake go¡e for¡alÍ-
¡ation. r '. r "' "'. ¿{r ,

'\i ' .b'-. t.. '), t: :

The initial fields of velocity and preaaure,devi¿tiOn are set equal to
,ero due to conplex elpirical preaentation of atrea¡s redietribution and

then¡ if necesaary, non-stationary proceae ig calculated. At integrati-
on equêtions (5) - (6) and cêlculetion of coefficients turbulent,tr¿ne-
fer of inpulee that 

:.,' Ko = lLzv'0.01' , to=u3u'o-oot/do, ñ=l;-'llv'o't,
where, tr={'..(?lr,)}, d6.={""(dtJ}(L = 1,rì)i

Or- <linenslons ventllatrng wrndows. - 
-

Initi¿L dietribution of teaperature and concentration elong the spac.e

are deternined as depending on concrete conditiol3, of task.

Conditions of "adheeion" are acceptçd for ¿ir veiocity on solid surfa-
ces. l{e use tteoftÍ condition for te¡per¿ture: .-. '

ô T-.,
3-ñ'"

nhere n - norral to surf¿ce i isJ{

or dietribution of tenperature over surface. However, euch conditions
orgaaization requiree considereble thiçkening of grid in front of the
sorface. When it is ilpoasible,'re auggeat th¿t we should use "goft'
conditione near the wall (tbey are to be loved on half-step into the re',
gion) a¡¡d describe tbe',velocity in;.near-wal.I layer eocording to univer-
sal logarith¡iôal "rule of uaLL" /10/, ír,

I¡ co¡¡on case a baÀance eQuation is'written, for eaçh adlixture co¡¡)Q:
nent with calculatíon experitentel coefficiente of adrixture abáorption
by the eurface, c¿pacity of gourcea and nu¡ber of" other .pararetres for
raking an equation traneferof.'fdlixtures ¿g bound¿ryrcoL$itiSns /1 ,2/,

The eilplieet approech ie used for deacriptlón of Dreaaure on the surfa-cea 
ff=o; ' : 't' 

:

Si¡ple ¿ppro¿ch is uged for turbulent characterleticg of (K:E)-rodel
on soliat aurf¿cee: r. .:,-

K =Q and e =Q'
- l, r,

To diecribe viecoua aublayer during calculations ïith neer-aurface denee
grid, a Dext epproach ¡ay be used. Thie opproachs presentg 'hard" ¡equi-
rerentg to quicLnees of colPutera:

- tbe firgt approach ie a rethod of "near-by-woll" functione
/t0/ ¿ccotding to rhich a boad is eetablighed between velo-
city valueg along wall, kÍnetic energy of turbulence and

turbuleuce diseipation velocity in' the neareet-to-¡urf¡ce
node of nu¡erical Srid with total dynaric velocity¡

- the aecond aDproach ie todified (K -g )-¡odel at low valu-
.¡, -- ee,of turbulent Raynolde' nurben¡'Sore:cqnstants' of.,equati-
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- on (6) are changed into functio¡e /17/i
- tbe tht'nd bpproech ig ¡ethod PSL, which allows to calculate

!1" 1r9""-l"Il,s floïe ro¡e exactly /12/t" " ,',
,i

Tasking of ventllating- strea¡g entering or 8oin8. oilt of the root pre-
aents slrong requirerente to initial end bound¿ry conditions¡ choice of
grid and"ntrrer;'ical algorithr. the si¡pliest situation is nhen the quan-
tity of eir entering end conþg ogt !n . everyjs known. Nurericcl algo-
rith¡ for Dirihle condition l'll ={tlæ.t) for$Qf;) is exe¡ined rather
effectivEly. Horever, digtribution "o'f qua¡it¿ty of ai-r going out through
each openingr ,i¡ unknown in ventllating windows and openinge for a rho-
le nurber of t¿ake. l{e thtnk, that in thie case 'eoft" condltiong or
lo'e ëô¡lon -"u""'";ul 

ïï" =;:""**"re 

to uee:

where values4 and,f char¡cterize resistanc." of 
"o"""eponding 

ventlla-
ting nindow" ãr opeåinge. However, the deteninetion of theee coeffici-
ente and eolütion átgorith require further devéloprent. l{e belelve thet
ar¡otber ve¡gion of deter¡ineting the velocíty field ig the one under the
condition that preaaure at ventllating volure inlet-outlet or difference
in preseuree at the entrance and diecharge of roorlf¿ are known.

Dirihle'e conditione are uged for deacription of terperature ¿nd ¡drlx-
ture concentration et inlet ventilating openinge ,

.;'ron".:ã.eE¿ni.
ïe think th¿t f¡ee'"sottln condltions of the II eort are. rorth-whlle to
uoe 8t outlets: ,ì,1 I'r ,'i

# =0, ffi=o ro" õ azou+..

rreg conaltioäe of the II sort are ueed for turtì¡l¿ht éhar¡¡cterlstice of
(K'.;t):rqdel i¡ rentllatlng opcnfnig ac, a'iute.. Tasking of Di¡ihle'¡
co¡ditio¡e in inlcte ie poesible to lncrca¡e effcctivenc¡e of vcntilc-
ting eystéa

K=K¡, t=Et for i e Erni.
Hoicver, 

. 
task of v¿rious l¡inda of ventllating ''¡ti..'er" i¡ ¡ufficie¡tly

.¡erious queetl.on¡ and it dera¡rdg lndividuel exarln¡tion

Te auppose that for conical stre¡re lt i¡, ¡¡crhaDs noceaae¡y to u¡e den-
se Srld uea¡ alr etrea¡s and taeking of geo¡etry of coDe at ¡ufficient
reqourceã of corputer (fig. Zra). Horevcr, thl¡ v¡rla¡¡t is very dtltt-
cult. lle thinlßr tbat for rost prcctic¿l quegttona re cr¡ to use tük1¡8
of velocity vectorg pararctcre¡ dete¡rincd enalyticallf¡ r¡d dlrcct¿d
aloug cone (fig. 2rb) 

= : ¡

I

Pgr tasking t¡¡-¡trea¡e re need to tale lnto accot¡rit t}c.ò¡¡¡¡cA tntc€
opcning angle ¡nd ite tu¡bull¡¡tion dcgrce. tlod¿lllng of tñe .tr.rr foi-
ra.tion by reane of direçtiog a¡¡¡deg ts dttficult becau¡e irilti¡l dldo-
¡iôna ol-rtrce¡ .r.,.peu"i ¡a"ip.å".,çteþ oi,riai.t*c.ati[g¡3iiqc'l:19.' T.b
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Fig, Z. Po¡eible t¡skinj of ventilatinl stre¡rs: (¿) conical ,strcer on
s¡¿lL calculetion grid "tiiklng inlo account corric -georetry¡ 

(b)'confui¡¡I,
gtrea¡ on rone lerge g_¡ld.i (c) fa¡ stre¡¡¡'. (d) dhenslons ¡ource àre
er¿ller di¡eneione'ftnfte-ãifference grid. i"t :t"rt7'

refore, in"'thir tr,". lt i" neoeaeary'to Drbdict taeking ol entcring
atree¡ ln so¡e Srld nodes u¡lng Dlrlhle'e condltion with c¿lcul¡tion of
dtfferent velocity.co¡ponenta, with the angle of opening ol atrea¡ a¡ld
quanttty of enteriú! eir Uctng taken into ¿ccount (fig. 2¡c). -t! ')"i

In a nurber of casis release of air ie conducted acroag the ¡y¡teir"of
erall o¡renlnge. Dhenslone of openlng are le¡s thon he dircn¡ion¡ ol
finite-dillêreDce 8rld. Ie eu¡¡poäe, th¡t in thie csse calculation ol
initial pert of Btrea¡ developrent is necesgary to execute b¡¡ed ol ¡na¿
lytical ¡elationghip betreen ¡trea¡e developrent /13,14/t ¡¡¡d thcn to'
continue the c¡lcul¡tlon'u¡ing the ¡odel wlth flctttioug lourcer'ta
shown in 118,,2rd., Thlg rqthod .ellorg to cal tly the lield ol
flqï fn thã ventttettng ¡óne far frô¡ the channel, h¡t lt
doãi*noJ describg ttre ifoi etructure neär The qu¡¡rtltyiol
¿irr-'öì¡tqri;s ttË'rodr, .ie co4trolled treln on târk1¡8 +ù€
etr3år riå¿er-uoun¡f¿ry dönditión ói'irs's" e îof oqr¡¡tton (lì'

\
\
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(if it ie placed inside the roo¡).

RDATIZÀTION OF IitODEt

llethod of splittin¡l on aero- and therlodynalice equationa into physical
proceaaesr preaented in the p¿pers /2,75/, wae uged as the elgorithl of
nure¡ic¿l solution of equationã (1)-(6) with correepondin! initi¿l and
boundary conditione. l{e ¡ade a progralde pEckage "Nu¡erical ¡odelling of
cha¡ber aefodynenice and ventilation iprocesees et bl¿eting operetoins
and exploitetion of diesil-engine equiplent" baeed on the above s¡id.
Thie packege'was adapted for the PC,/AT cotputers and US-type co¡putera.

EXAIÍPLES OF CATCUIATION OF SOIIE AERO- AND IHERI{ODYNA¡IICS
: AND ROOifS VE¡{TIÍ,ATION lAsxs

1. The velocity of the field Íg calculated fo¡ eufficently big roo¡, li-
ke rectangular parallelepiped. The roo¡ hag one inlet under the celling
arid two or¡tletg which are diepgeed on the opposite ïèlls nea¡ the floor.
A v¿rient ie considered ¡rhen õ0 cb¡/s of air through the opening 6 x 4.5
l, and anglles of inclination of resulting vector of velocity for¡ 330'

with X-a"xisn 90o with. Y-axis and 240e with Z-exie, 2O'cbr,/a of ¿ir cote
through the left oqtlet and 30 cb¡/g through the rigth one, in this c¿-
se. the field of velocity c¿lculated for thie conditiona, ia,presented
in fig. 3, rhere the Ieft colu¡n preeeht.g eections nhich .are parallel to
f¡ontal proJection plane and in the rlgth colurn are the gection which
are perallel to horlrontel proJection plane.

2, He coneldered the roon, whlch is sirllar to that repreeented in
fig. 3, but it has one additionat factor. A therr¿I source with l0 eq.r
¿rea ie placed on the roo¡ floor etrictly tn the centre, with 6"C over-
heating as corpared nith the terperature of environrent. Thig aource
(capacity-3000 fr) forra r¿ther large vertical air etrear, which congi-
derably changes the root eerodynalic (fig. 4). As nurerical experlrents
shor, l-C overheating ¡¡r¿ctic¿Ily doee not cauae any changee in the
structure of the ùefocity field.

3. lle can achieve a ¡ore detailed picture of the veloclty field by ueing
denee grid for plane rodelg. The flelds of velocity in 40 x 20 I roo.B
with and without calculation of thenal influence are preeented in
fig. 5r¿ ¡nd 6rb, reepectively. 6 cbrlg of air enter through the inlet
rhich ie placed under the ceiling of the roo¡. And 3 cb¡,/g of it core
out through thc outlets placed on tbe op¡¡osite sides of the root ne¿¡
the floor. A source rlth overheatlng of goC is placed etrictly ln the
centre of the roo¡. The air ls he¿ted ln the rorking zone of rool along
tbe strear end vertlc¿l florg are for¡ed over a roDe conslderable arêa
than the area of the source (fig. 5,e). In thia plcture isolineg of tct-
perature deflexion are preaented in 12.6 ¡inutes Llter tt¡e st¿rt of
source operation. lbe field of velocity ln this rool, without c¿lculati-
on of thenal influence, ie preeented in fig. 5rb.

4. The roor of rore cotplex ahape ia preaented ln fig. 6ra rnd 6rb¡
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Fig. 5. lbe field-of velocity
i¡to account theri¿i facto¡ (

and i¡oline" o, ,l".n."atu." in roo¡ tcking
a) ond witþout it (b)

10 cb¡r/e of sir. enter thrlough the left upper and lorer inlets and it is
re¡oved throulh tbe right lorer outlet. The field òf velòiity ln the ro-
o¡ with choeen inttial and boundery conditions ie preaented in fi8. 6re.
Four eourceg of he¿t placed on the roon floor cauee considerable changes
in the structure-of velocity field 1¡ig. 6¡b). lle want to note, that the
rogt considerable changee of the of velocity field take place in the zo-
nes, where the horisontal velocity of the air etreô¡ is el¿ll.

6. the dyna¡ice of paseive ad¡ixture distrubution is ahotm in fi8. 7ra'
with two unite of dlegÍl-engine equiprente oper¿ting during 400 e (pog-
ition of equiprents is t¿rked by rarkere Ín picture of velocity field).
8 a¡d 12 cbr/s of air enter tbrougb the inlete (fro¡ left and upper)t
reepectively¡ and it coree out. through the outlet on the rigth. The ad-
tixture begins to enter in the r¡orking zone of the roo¡ and to create a
sltuation with exceeding the li¡ited valueg during a long tire. The ein-
ãiru¡ent" allora to preãict e eituation, in which a pollution of rorking
zone, deacribed above, ¡ay be prevented. Te placed a¡ exhau¡t'' ventlldr-
tion device rlth 6 cbr/g capacity in the lone of one of the pollution
source. In this caae aerodynalics of roo¡ is changed congiderably
(fig. ?,b) and ad¡ixture is loc¿lized in the zone of exhsust fan opera-
tion.

I
I
I

I

I
I

::
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6. The field of velocity In roo¡ corplicated configuration tating
àccount therrsl factor (¿) a¡-¡d without it (b).
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