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CGAXIAT a¡d PI,ANE IIUBBUI UNT JUIS USING for
EEATING and \IENTTI"åJITNG of IOCAIZ0I{ES in

I,ARGEPREMIT|ES

Yr¡V L Savelyw and Yuy A h¡a¡ry
Unls A¡chit€ú¡ral lDstih¡t€

¡loterinbqg, n{¡ssi¿

SI]MMÄRY

A nunher of the air-ist protectors has been preoented. firese prrote{prs n¿y be

qgcdfor heati¡ç cmling andventilating of local zones i[ lsrg,q prsqb€s.Anew

methodfor calq¡l¿ting air-jet protection thernal panmet€E! has been p¡oggsed.

Fc the solution of therural t¿sk the pmfile of temp€ratur€ rüsEftdon iß ¿
crcs+esti,on of oaxi¿l orplalenonisothenmicaltu¡bulent jet h¡s bcen popo¡d
as well It rpas assumed that t¿nperatr¡¡e pmfile is a rcsutt of sunrning up two
independent convention¿l profiles. These profiles a¡e u¡-ritd by speei¿l

fon-paraneter. fire svst€m of equations for calculating of rh-it protectioa

thenural paraneters has been obt¿ined. Conparison of the c¿lcutdion mlb a¡d
some erçerinental dat¿ shwn their gpod oincidence.lh¿t expeËineûtr¡ &b
hsve been rcceivd by authon end eL
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CGAfiAL and PI,.ANE IIIRBIILENI JUIII USING for
HEATINC and M of L0CAL ZONËI in: I,ÀRGEPREMISU¡

.:. .':- ,¡i!:- -3-',"r;,:

' '! UralsA¡ehitstu¡altuùituh
.. : U¡ateri*qg,R¡¡ssi¿ ..- ;.-ri r

....r-t

':

A consiala¡able part of modern buildings have la¡gp voh¡mee As ruial in thæe

r¡olumesthere a¡e a lot of zoneswhaetechnological eq¡uipnent or singleworking

places a¡e concenhatæd. Thus, there is no ned in rntng air conditioning systemg

forser,ringthewholevoh¡meof preni¡eeItissufñcienttoensurethemicroclin¿te

conditioning in only these local zones. For these premises AIR-JET
PR0IEOI0RS GJP) n¿y be p¡dered.

cENmAI, PERFORMANCB of AIn^IEf
, PROISCTION of IÍ)CAI Z0NUI

To pmvide the comfort in the local parb of the building space thoe a¡e three

hends of ventil¿tion technique fire fiñt hend is connectedwiththe usagp of solid

nonEa.nspa.rent Bcr€eng.lhe clean air is sr¡pplidto the part of space is singld
or¡t bythe screens.

The eecond hend uses the compact tr¡¡bulent highspeed þb or the la¡rinr¡y ah

floqn Both thefi¡st andthe secondhends n¡ybeusdEowwertlre,yh¿vc some

ddects the people's body is recoold by high velocity tu¡bule¡rt þb the laminary

flow is no stable rel¿tively environme¡rt¿l floir¡g. Unfortunsth thæe methods of

air conditioningthe loc¿l zones a¡e u¡edbroadlv nonwinthst¿¡rdingtheir defects

It is necessa¡yto consftuctthe apparatuses free fromthæe defects and including

thefollowingnedb(theabsenceof solidwallsaûdthest¿biliþofflowlinrel¡tion
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to the a¡rbient air no¡ement). The air-jet protectors proposed by the group of
EVAC scientists fron Hcatainbrug eolvethis pmblen" It is thethirdhend.

Ttre b¡¿sis for the air-jet protection l¡ itr¿ coaxi¿ orplane tr¡rbulent jets. lhese

air dishih¡tor&The jets pl¿ytJremle of the ssreen that
prenise Aft€r issuing"F th. distsibuüor the jet is
wittrttre toråation of itìÅi¿. c¿ity.It iswe[ known as

Il¡¿t cavity nay be uËedfor placiagof single workingplaces

hygienic effest is reachertby clea¡ ¿ir supply inùo the c¿vity.

firetsl¡stem

supply into

In order to

reñ¡s from the esrhal now al¿t¡e svst€m connectedwith5.1.r;',, '.¡, t', *iti¿tnor., , , , ,"' . ',T: -'.

The schemes of .dIP a¡e shown in fi gl lTre theoretieat echem€s a¡" shown in fr g2
Thifintschemes (nsla; 2a) herve jets atrectedbythefl¿t horizont¿l s'¡rface (it
may be the floorif the |* norcs fmm above). fire schemes (ns. fU; Zb;%) sra
expedienttor¡¡e if there is a possibilityto di¡ectthe jetfrom below.

F - ... 
:., .", fire @mmon schemæ give

,tr -, i ,t." axigthe echeme has avi€rtr

,",' .i.i.,¿r:' ï:ir: , u': lineSis.thelinea¡synneEyaxisweh¿vethesecondvaria¡úÀIPwithhoplane

, ¡ ,.,,1.r.:.jj:ht .1.,. ; 1. 
jets. The thi¡d variurt is connecterl with only one plane jet H€re line 3 eoincitles

.,¡:.:;f :r " il,,.jrii ¿rwitheolidwalZBeideelineSnaybeboth\¡€rtic¿landhorizontal
' .. r . .i., '1 .,, l--^: u ., . . ,:.:' . .. i

Afterthe form¿Uon of cdvitytliê ic't is divided into two florpe lhe fi¡st moves in
t ' tdir*tion 

f¡on the cavity.The second moves inùo the ¿avityd mppiæ the jet inside

q ¡f ì lir J,':-.

'r 
r. ,- +1\

d; gi,iJi ii:\i

,i' Xhis flow is called'downsFeaml Tlie fint flow is called "upsheam". firæe two

_flgwr a¡e divided by the conventional surfaæ forned þ the sheamlinea along
'¡r i'i riûichtherftreanfuncionisequaltozemnratsheanlineise¿lledleaitåchmmt

aJ ltrx as i,tihifon in fîgJ¿;2a1he st.ea¡¡iineis calåà "nerge line" as is shown in
fig.lb; Zb;?n Xhe ftral poinb of the zero sheamlinea a¡e called "reattachment

.- 
', 

poinq or "merge point_i. Ihe convention¿l surfac€s a¡e called "dividing sr¡rfaces".

-" , 
-.,. 

",. T, \t" tî \": *ri¿=', -

ìr
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'..- ,+ .- '.'. ^,J-!t -- .- , .:.. Ð GEOMUIBICAI, KINEMATIC and THERMAL

PARAMEIERS of AIR^IET PRûIECTION
ì'ù .iT ¿.irl ¡rsirc:r Jilf'

I ?,t.r-,,.Jlli- grl AVO: i,:Iì,. - . -J'..-. ,
.:,;..,:: 

'-r.:'-r::.:.:.:: 
;,ì.É:.ar-,,*¡,*4r.,,*,.C UeJ 'ji'¿TtCÍ: l- - ì

ÀIP includes two stages. FTrtt of all iü is neceosa¡yto

an,metbß of the þt andthe airdishlihüor. The rlat¿ urd

a¡e ir¡preeentêd in [19I I¡ orden üo c¿lculate the

pa¡amst¿rg it is necessaryto eolut€ the therm¿l t¿skfor
on'is discribed below. The panrlia¡iüy of tttis t¿¡k is a

r'lt n'(". f ) in a crüs.section of the

boundary of jo't is equal to tenper¿tu¡e

the tcurperahue * ottt i{¿to*Arty is equal to a¡rbient

the initial ftowt¿urpen:¿tr¡¡e is In common case T o-
: T" = Tam'

.. ' in -ç1r:,"s' ff;..(rf:'É
-, :.iJ:-'J :i .: ¡ :. tempemtrre profile i¿ a result. of' sunming up hyo

.i:tt' :(:..,"',. -r.*rj¡ ''';; ' '!f
p':: Iüi'-- j .:. -;"'';i1"., ÂT=À\¿ Ti'

t:l ;s'í .i si ¿, ' r' .' " where tT= T - Ti^ ; t?t Tt-To^ ; ATJ =Ti -Tam
.q' '!ï '-"'I: .* l,l:,' ¡; J- '. .: . . .':..'.. ¡ -

s rìç.'. rg,'v'iló-."i'r-G*lr'.fire fi¡st profile ( t¡T t:' ) torurd as a rcsult of tr¡rbulent transmission in a
æit:t'i::t,t. i g:,ii c: .r*i e.-c!6sFsection of jet'divided two roh¡mes with differe¡rt temperahr¡es Tru alnd, To^

-Êi¡nc,s=orf Ðiu..fi¡is profile hås width 2'6' (fisà) and is aligcribed by Gshlvhtins eqation

. t T¡ =aTru I I: ft - 0,5ùt"oJ ., .

' 
aiT"u= ,Trv i Tam ;l' l!: 2/6 ,

Q)

s¿s: T . j'r-inî,¿ì :cll,¿:, ¿ ¡;:,. . .-ryherÉ z - coordinate is count€d out fmm oubide bor¡ndary (ng¿).

' ' 
;í¡" ¿cd.r, '"!"1, g I

,.:-q¡¡1.¡LrljJ,u.-' : ,,í[ al , :, üYooesÆection of free

r* rrrâ j p- " .Ê:'r'r'rri: t€mperatu¡e on the jeb

;,'i;.1-'5*.r,. ¿,. .r^r¡tl, d'¡,, .oS ^ ": C-. ^,.' .:r:,. i. -;l , -. :. ::' :: .-

' e ':;':t ç:îL -ii''' csli.p q'¡ri i'; ).$::....j i:':'. aT¡ =an¡y2 fl -(t.- Ð!:ã!,t 4 € [_0 ; 1] I frl
ú1 =ar) tl - (1 - 4) 

t'tJ 4 € [r :¿] I \e/
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. Thusthet¿mperature T inanypointof þtooss;sectionis

I€ tl;rl -> T - T*-aTrr7-AîÐr'õ1ar*ft - (t -n)L!l i r,¡
- a€U;2J -> T -Tcv-aTa¡6-0,5n)1'¿*tr^[I-(rì -l)','J,. "'
The parancter a6 is dæerminedfronheat maintena¡ce equation

,,i,", ì a-J;cyTdwr r.: . (5)

' where w-læa.of cross*ection; c -specificheat(itisassrned' c-constÌ : ' '', '

z -velocityinthe point of croswection wheretcnperature is equ¿l

uE T ; .:.- ..: -.:: :.. ,,,.- '', .. -q

u =u^ft - (t-q),,!J t
u-um[I-(n-Ð"uJ'.,

a- - velocity on the axis of þb

q€to:il;l
,n( ft;21.f

(e)r.f

I

¡tterintcg¡aUon (5)with r¡sing(46) auldata of [p]we r€¡eiv

Q/cI - 0 6A Tm * 0,57 Tqv+ 0,878 d1m, (7)

,t r'l

where å -roh¡me of air is mo¡edthmugh jet crq¡s.sectiorL Dataof
M m¿y be used for difi¡ition.of I . On a distanoe ûom the
f,ishibutor nouf,e to the reatt¿chment or meqge point the heat

of airùarun Ínùothe jeü i8 exanindas

. A = ei;[LoTo * 0,5 (L-L)(Tor, T-r)J, (g)

' ' ¡il

"hq' {.r, 
-T**lT"9f1,}9"É. 

l,

,; Flom (8)we h¿ve "Å ,: ! ' irL

It,is necessa¡,T þ note that is an avgiàge tæmps¿ture in cross.section of the
petiphæ¿l þtThe þintsolution of (?,g)givæ

(e)
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t r*= i > Z Z [To* g, 5 ¡i - Ð ( f, n* Ta Ð - @,b err- Asr hþ/fr Oo)
-t

" Pa¡a^mëcæ a,.t¡n n¿y be both more and lees zero. Comparison of the calculation

rrsultsandBomeexperinartaldataisre¡reeentædinfrg"ITheexperinentalpoints
' 

háve been receivedby authors and aI

The equationrs (¿¡O) give a possrtiliW to det€rmine the average temperatr¡re in

* t', tenpq:¿ttrc of or¡tside pa¡t of jet

zeroto zrry | )b
:' :jr 

\nout'-(f'hr;rr) (u)

,. _-.. '...,.::.t.".-,1 .t'-..r';l-' : '..'.:t.-'. . )'.

: : ì"Average t¿mperatr¡¡e of ini¡ide part lias ruræ ûom any 7'-'''to 4-Z)is

rau¿n = (I'h ror) , (4'h d,?) .

Int¿gration of equations (UJZ) grves
't,' 

"Tav.out=Tcv-fr tfs¡¡*
¿1 i1¡,1¡¿

\
rG,

i}9ßLic - f' ",å,

! ' . a,i ¡l :tf. 1r¡.

¡ rc? irr

ito.

t,,-fl

(u)

(1s)to'^;
JúT\
,:

r+ï5 ,Tdv.tn .7 Tcv
ir:'rìeí:'nr' t'i " rhrn' o=:¡;'.i1-ê r ì Q)t'tJt dr ;

)' ì ''' -'î t'' I

.,, ,:-.- . .'ri i - 'i-
the upper sianbols a¡e uæd if''Z € þJ} the lower syubds a¡e ueed if ry € l14il

,::::::.:....,-, ,i , , .ii, : :::: ::: :: 
: 

, r,',:..,-, Thg q¡nteg intefprgtingthg fungtions are givenrin frg.4

-.t .t ,i1,;, i For ÀIP conshuctioning it is necessary to det€rmine the initial flow temper¿tr¡¡e.

It is assuned thzt Try = Tam.OurinvestigationsshowdtÌt¿tthis assumption

dont lead to big mist¿kes. then fron (tÐ it followee

I 'i ' 4='(ffit):æ; + o,ts!ug.'y+rþ^)+46(r,v*r,)fia)



L62

Besidæ ifthetenperatures T s, ?sy,Thm æhrowntheequæion (t6) grvæ

" 
pousfuW. to calcul¿te the initial flow eapacity

t
Lr(ffi+ots) Lrr, (1Ð

whene t-r -thermal n"toy-nt r; tf-¡ffi5 i tT¿=S-To^.¡..

r fi, ft l

_: ." .,

the Lnowr methods of heating, ,üñling and ventþing of local zones in large

"-- -' p¡enis€8 have ¡ome defects. It is poesible to inpnrve thæe ndhods by t¿king
rcsulb of the coaxial urd plane þh investigation* lheee in'restigationrs nake it
pæsibls to consfrr¡ct the air-jeü protectorg ßJP). fire air-jet prutectors grve s

Bossibility to improve an-efñciart of local zonæ he¿ting, cooling urd ræntilating.
r ,rê i

t'i RTEERENCE

Ii p¡ f.,rrn cricre¡¡ ororrJreurr tr Bernrurfi¡+nr / C6opmc rp¡gon
. Gbep¡¡odc¡c.]fIM, l$16, 105.'
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+ I
I'

,, 
.:!

a'I i j tÌlOrorep Br4 9xe¡ffipveqg.r cnoco6uocm ßoJtrqeo¡rx uæ6y¡esncn ctrpyü
- - *. I nsrrr,rtsBltsoa Cryou¡e¡ncrtso tr apxureßîypa. ly/g, N I
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