
LA-UR - ..... ~ . . ''I 15 
·) ; .)C w 

.. 

1/-:?g J . 
l 

l ...... -.. ........... , • .,.... .... , ... ~···· ...... ~ ...... , .......... ·- .... .,,....... , ..... 0. • ., ....... -,,.... ... _... , ........... , • ..,, tlriff,, .... 

'''Lf NEUTRAL PLANES IN STRATIFIED MULTIPLE ROOM ENCLOSURES 

aut .. v•~· G. F. Jones 
0. R. 0th 

sua ... rTt:o ro So 11r Energy Jount1 l 

.. -~~:~. · .. ""::: ; . . . .. -~ .. 

,; '.--

t."". 

L1 

41() 

..· • 
. : . . . .. . ..... . 

.. . ·. 

rt• r J rt~ 
• h . . h----..--•toc• ---·-..-.. --ul G1 .,_,._._...._ •u ,_,._ ..................... ,. ____ .., ___ c __ .,,. __ ,,. .... •\II._ __ ..... 

... , .. ..._.. ......... " ............ _,., .......... _.,,..........,. .... .,.. .............. ..-. ........ , ...... ui O."•··-•~•·t ·•·..,: . 

, ......... . . .. -....... . . ., ... . 

... 

Los Alamos National Laboratory 
Les Alamo~New Mexico 8 754 5 

f ••• 



, . . 
.···.-·-: ::· ... 

,.. . ... •; 

.· - ... 

1·· 

NEUTRAL PLA~ES IN ST RAT If IED 

·: MULTIPLE ~OOM ENCLOSURES 

D. •. DU•. U.6"'"''"' ef 'f'tse-•'9-t1..,is .. 

G. r. ,,._~!. lH Al.a .. t •••,..•• l.aHir.ater' 

IHTROOUCT ION 

.. : 

For ~d]otn1ng rooms 1n rnulttole-room enclosures. Emsw1ler I 1 I 

has dehned tt'l1 neutral plone (NP) as the vertical loccl1on at wh1ch the 

pressuns ore equel on bOlh st des of tl'te separat 1ng wal 1. such. that an 

opening In the well ol thal t1vel would poss no flow In the s1mplest cose 

or two rooms coMected by one ooen1r.g, the NP 1s near to the half height of 

the opening. w1th now poss1ng from Utt hat room to the cold room thrOugh 
' . t' 

..... ~:;: . · · .·. · ·· ·. · . 
the upper half of tht 0e>entng, ond a reverse flow In the lower half. 1if• 
velo~tty dtstnbuttan was develooed by Brown and Salveson 121. ond ,g much 

ltke the result for on onftct, except that the dnving potent1al in this case 

la the 'emperelure dttrerance between lhe two rooms which results in o 

kind of ·chtmney· (or ·stock·) effect Their analysis ossumed that eech 

- . 

-­· t 

.. ~;. . · ... . ' 

' '' ·•aroom was at a constant t1moer11ture (rr.st"'t1fic11tion). and the res~lting 

velocUy dtstr1button wes.gfven by 

V: /(2gZAQIQ) . (I) 
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In me r t.• complex uu1 ld1ngs with mony interior doors ond w1ndow:s. the HP 

1'.3 usuolhJ not centered in the opening, in foct. 1t moy lie obove or below 

tne open1n1; so tn:it th~ f '. ows tn some openings ore entirely in one 

d1rect1on Flo""' ;:iotterns of th19 t110~ ore i:ommon in poss1ve bu1ldlngs ond 

hOve neen rer.orted ::i4 reseorcners ol l•Js Alomos Not1onol Lobcrotory 

(LANL) f31 

If the rooms .~re stroll tied. 1t 1s oo~s1bl~ thol man! thon one 

ri<:::•..J!:-~i plone 'moq exist This hos been pointed out by H11l . K1npotrick ond 

:3ur13 ~ JI ,...no c"n;;Hler !he cose of lineor vert1col temoerot1..Jre 

d1:.tr:::iut1ons. ~nil '.'.>ucn beflovo1r hos been obser-.•ed by Burns ontl 

Kir1cootr1ck !SI rne11 develop on equ,,t1on for locot1ng the NP's which 

1nvol·.;es on 1terot1ve numencol solution 

The purpose of lhts note is to define the necessory ond 

sutf1c1ent condll1ons for the existence of multiple NP·s. ond to give a 

S1mpl,e geo.,;,etrtc method lo locate them rtlaltve to llSCh other ' .. 
..- ~-,,; 

PROOF OF EXISTENCE 

. • 

. , ,. . . I 

. I 

.. 
First of 'sli. tnef'e may be no N?'~ . Consuler two·•od101ntng I. 

~ooms, but With the connecting door closed. One room .could be prtSSUrl . d 
'• . 
(by heoting or cooling) wtth respect to the'other to any degree so tt1Ql they 

would have no pressures In common. Hence the existence ot one NP is 

entirely w;thin our own· control simply depending upon,how we choose to 
.. ' 

;pressurize the two roorHs. 
,, . 

Let us suppose thot two connecting rooms ore pressunzed so 

thot they do posses~ a NP. The question then 1s. ·under whot condHton(s) 

c12n we expect to observe more than one NP?
0 

Th~ si tu12t1on 1s mustraled 

tn Fig. I ror the cose of linear strallftcation, ond two NP's ere shown 

schemetlcolly · .... 

~ 

•"' ,. ' . ,•> 
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TK T'tO SH .AiOCO Alt[ AS \/:= RtD1 A 11.JST 8[ £CUM. 
IOOl11 
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~\ 
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DENSITY .. 
fiQ I Oel\31tv dlstnbu110;, for M ltnarl14 'lrtUfied roa~ vtU1 

1n 1ntcru:t1nq ~"'''" dutnbu1ton 

In order lhel two NP·s ex1st. ll ls raQu1r1d tr't~l lhe wetghl of the column 

o~ etr betwnn the two NP·1 must be the same In both rooms. Thi weight 

of the air column ts oatetned f>\I the Integral 

fegdz . . 
. . . /1 

.. . . . lff 
.. _ .. If one constructs the arees corresoondt~ ·to thts tntegra~ for lech room tn 

Fig. I (not Shown In the figure). and requtres tnct those enes DI tQual. 

tnen It wm - ~t eestly seen thet tne density curves (t1mpent&n1 cen be 

used here wt th almost the seme accuracy as dansttu. st net density vanes 
., ' .. 

• · 1. '. r 
Inversely wtth temperature) must heve en tnt1rs1ctton, end thet the 

lheded lr1anguler ones must .t>e·aquel. For 11neer strattflcet1on this 

meens thet the two neutnst planes ere spaced eyenly eboYe end below the 

tnter:sectton point. The 1nter11ct1on Is essentle1 tor lht existence of a 

second NP, end there can D• no others. 
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Nl.lw cons1r:1P.r thP. mure ~~ner~I cose or nonllneorly strollfted 

rooms '!'!'1th temperot·JrP. d1striou11ons os showri _in ~lg 2. This would be 

--
l.6J .... -

·-------- - ---- C[ll.IN'G 

~- "P •s 
llOOM A - ( 
QOOH 8 - .. ·.,. !· 

' I 
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· TEMPERATURE 

f19 2. A a»nd1t1on at nanhnetr ,frttlf1cahon" 1lhnt,.trd 'w'1th 

muntolt tnttrecttora of tr. t1mper1tur1 oronle:s 

somewhet unusuel sltuellon. but one .whtcn could occur dunng periods 

where the flows ere not strongly driven (1 e 1n passive ou1ld1ngs. in ttte 

. : 

<.e morning 12nd 2ven1ng or where phese dtff erences occur in the retes of s~lar 

·;.~· -. : =;· ·,., . .,; ., , . gat.n end thermo! st~rege) . If one NP ts locete~. _then_ a11 the otl'le~s erJ 
. :;:· . : = 1es1 ly located. since eech pe1r of NP's streddtes ''" inlersectton of ~rtU 

tempereture curves enclos1ng eQual arees ebove and below the 

intersec tt on 

If there 1s en opening Detween the two rooms. es 11tustroted 1n 
·'1. ; . t r· II · 

Fig.:( then there wtll be multiple ·now streems of elternettng direct1on · 

This wos observed by Lin end Bejen (61 A similar kind of behe~tor hes 
" . I 

been observed 131 ·rar flow 1n a weekly drwen passive, building hevmg a 
I t 

sunspece In this instence. e one-way veloc1ty profile 1n a door~ey 

. t)(fbiled two maxima end two zero points The peek flow ·speeds we.re smoll 

., . . ... 
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f1 .. 3 T~ o~n1nq' CDnrwthnq r:ioms A ltd 9 MYf! multtole Oov 

'tretim ot 1lterrwt1nq dtrect1on·end ""''" rero ~loctt11 on the 

neutrel plenl!' 

(<O. I mis) and the convecllvt er.ergy transported by tne streams wl!s 

less titan I 01 of th• total sunspoc1-to-Out lcUng energy flux . 

EXAl1PLE 
• I 

I· 

we eon1td1r an enclosure wtth on 11d1eb11t1c p11rt1Uon seoarat1W 

two ~•r--,m~~ r~o~~-eech w1tn hetgnt11ength = 2 and ni1gt1t/breodth = 1 I • 
An opening centered in tha parUt1on is half the height end breadth of lf'le 

room. Th1 room t1mp1ntures are fixed as shown tn Ftg. 4, ond the . . 

pradtcted airflows tn the opening ore also shown there. The predictions 

ere based one num~rf~t eperture-flow model developed ee~11ei'l71 which 

fallows that or Brown end Solvason [21 except tnet tht effects of 

strottftc~tion on both now and heel trensf er ere Included Two-wey 

etrflow end the extstanca of two NP's ere clearly seen in Fig. 4. As 

.dt1cu11ed above, the two NP's are e consaquenca of the intersecting 

I 
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d1scuss1ons wlln J O Bolcomb This work was performed under the 

'ponsonn1p at DOE through the Los Alamos Notional LoDorotory ond 

~I :;o through tM DCE/ ASEE. Summer Foc.ully Soboltcol prog~o~ 
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CUNCLUSJON 

•• 

It is demonstrated by a simple ergument thet multtple neutn.1 

ptenes can ex1st tn a building of several rooms (a pert1ttoned enclosure~ only 

If (I) there exists one HP .. ond (2) 1f the Ytrttcal temperature d1slribulions · 

<::··, ·.. ..· : .. · tn the two adjotntng rooms hevt on Intersection. Further. U ~NP e>dsts. ~ 

. t.-. 

~ 

' 

Ll ... 
"'° 

.. 

then the total number of NP's ts one greeter than the number of 

Intersections tn the tempereture dtslr1bullons for the two rooms. If the 

room ts connected by a door or other opening, eech neutral plene thet 

tnt1rsacts the opentng repre,ants a plane of zer.o veloc1ty wtuch seR~rates 

oppositely ftowtng streams of air. Such phenomena have been observed in 

possrve puildtngs . 
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