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NEUTRAL PLANES IN STRATIFIED
i HMULTIPLE ROOM ENCLOSURES

by

D. R. Otis, Universily of Yiseonsin-Madisen
G.fF. Msl, Los Alames Rational Laderatery

INTROOUCT ION
For sdjoining rooms in muitipie-room enclosures, Erﬁsmler (1]

hes defined the neutral plane (NP) as the vertical location ot which the
pressures ore equel on both sides of the separating wall such that on
opening {n the wall ot thet level would pess no flow in the simplest case
of two rooms connected by one openirg, the NP 13 neer to the half héight of
the opening, with flow pessing from the hat room to the cold room through
the upper heif of the opening, ond 8 rcver:i flow in tho_ lomr half. T le
veloc'itg'diitriouuon was developed by Brown end Solveson [2], and 15 much

like the result for eh. orm.cs, sxcept thet the dnvih§ potential in this case

is the temperature difference between the two rooms which results in @

kind of :"chimneg' (or “steck”) effect. Their anelysis assumed thet each
I""“iroom was at & constant temperature (n#stratification), and the resulting

“velocity distribution was.given by

V= ¥/(29249/Q) (1)
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gressurize the two -roor‘Hs.
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In mere complex buildings with many interior doors and windows, the NP
13 usuelly nat centered in the upening, tn fact, 1t may lie above or below
the ooehm:; s0 that the {iows In some openings are entirely 1n one
direction Flow patterns of this typ2 are common in passive buildings end
have been reported Jy researcners ol Lus Alamas Natianal Laberatory
(LANL) 3]

If the roams are stralified, 1t is pessibie thatl more than one

neutrsi plane may exist  This has been painted cut by Hill, Kirkpatrick and

11

(8¢}

urns {4} wno c.nuider the case of fineer vertical temperature
di1strigutions, snd such behavolr has been observed by Burns end
Kirkpatrick [S] They develop an equation for locating the NP's which
involves an 1terative numerical solution
| IThe purpose of thts note 1s Lo define the necessary and
sufficient conditions for the existence of multiple NP's, end to give 8
stmol\‘e gédr;aetrtc method to locate them relative to esch other -

PROGF OF EXISTENCE ‘
First of ali, there may be no N?'s. Consider lwo'-*ad)omlng ;‘g

d

rodms, but mtﬁ the céhnecting door closed. One room could be pressun

(bg heeting or cooling) with respect to the other to ong' degrae so that they
would hovp no pre§sufas in common. Hence the existence of one NP is

‘entirélg within our own control simply depending upon:how we choose to

" : .

Let us suppose that two connecting rooms are pressurized so
that they do possess a N°. The question then is. “Under what condition(s)
can we expect Lo observe more thean one NP?" The situation s illustrated

inFig. | for the case of linear stratificetion, and two NP's are shown

schematically
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NEUTRAL PLANE ©2

THE TYD SHADED AREAS
MUST BE EQUAL

ROO™M A
ROO™M B

A

Fig 1 Denmity distridution for two Itmrig stratified rooms with

HEIGHT

REUTRAL PLANE #1

DENSITY

sn interecting densiiy distridution

in order thet two NP's axist, it IS requirad thet the weight of the csiumn
of air betwesn the Lwo NP's must be the same In both rooms. The weight
of the air column Is obtained by the !ntegral

Jogaz y
.. If one constructs the erees corresponding to this integrsl for each room in
Fig. 1 (not shown in the figurs}, end requires thet those oﬁos be equal,
then it will.be easily seen that the density curves (temperaturss can be
used here with simost the same accuracy as denstty, since density vartes
inversely with temperature) ri;ﬁ'st heve on interssction, and thet the i
shaded trisnguler aress must.be equsl. For linear stratification this
meons that the two neutrsl plenes are spaced evenly above and below the
intersection point. The intersection is essential for Lthe existence of &

. -second NP, and there can be no others.
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Nuw consider the moure general case of nonlineerly stretified

rooms with temperature distributions as shown in Fig 2. This would be

CEILING
L 4
ROOM A — RS
- rROQM B — ,:
= L
© 5
- EVERY NTERSICTON OF RP 4
= THE TEMPER ATURE CURYES P 23

MAXIS FOSSELE ONE
ACOTIONAL MEUTRAL
PLAN F 0N PUANE ——— NP *2
HEGHT S KNYY N THE
OTHERT ARE 7 UMD 8Y
BALANC NG ART AS

- NP ®]

FLOOR

TENPERATURE

Fig 2. Acondition of nanlineer stratification 1s 1llystrated with

multiple Interections of the tempersture profiles

somewhat unusual situation, bui one which could occur during periods
where the flows are not strongly driven (1 e 1n passive buildings, 1n ing

morning and 2vening or where phase differences accur in the rates of salar

. ... gain and thermal storage) If one NP is located, then all lhe others ar

easily located, since each pair of NP's straddles an mlersectton of the
temperalura curves enclosing equal areas abaove and belaw the

!ntgrsec_tion

| If there s an opening between the twg rooms, as illustrated in
Fig. 3, lhen there will us mululple flow streams of siternating d\rect'lﬁn”
Thls was observed by Lin and Bejan {6] A similar kind of benavior hes
been observed (3] for flow in a weakly driven passive building having &
sunspoce In this mslanca, 8 ona-way velocity profile in a doorway

exibiled Llwo maxima and twa 2ero points The pesk flow speeds were small

SR g .,w i le
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f1g 5 The apenings conneching rooms A end B have muitiple Nlow
streams of slterneting direction and with zero velocity on the

neuirsl pianes

(<0.1 m/s) and the convective erergy transported by the streams was

less than 10% of the total sunspace-to-butlding energy flux

EXAMPLE

\vlo cnnstdor an enclosure with en odlebauc partilion separat:
two etr-rmed rooms sach with height/length = 2 and netght/braadlh z | T
An opening centersd in the partition is half the hatghl and breadth of the
room. The room temperatures are fixed as shown in Fig. 4, and the
predicted sirflows in the apening are sisc shown there. The predictions
are based on & numeéridhl sperture-flow mode! developed earlie? (71 which
follows that of Brown and Solveson [2] except thal the effects of
stratification on both flow and heat transfer are included Two-way
oirflow and the existence of twa NP's are cleerly seen in Fig. 4. As

discus_scd above, the two NP’'s are & consaquencs of the intersecting
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discussions with J O Balcomb This wourk was performed under Lhg

sponsorsnip of DCE through the Los Alamas Nationel Laboratory and

sls0 through the DCE/ASEE Summer Faculty Sebatical progrem
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fig 4 Room-core !emperstures snd correspording sirflow 1n an
apening seperating the two reoms  Distence 13 nor melized by roam {

height tempersture by 1 325 R, and flow by S 7x10° 5 m3/3

CUNCLUSION
It 1s demonstrated by & simple ergument thet multiple neutral
planes can exist in @ building of several rooms (a pertitioned enclosufe} onjg
if (1) there exists one NP, ond (2) if the vertical lemperature distributions

" "in the two edjoining rooms heve an intersection. Further, if a NP exists,

then the total number of NP's is one greater then the number of

intersections in the temperature distributions for the two rooms. If the

room is connected by 8 door or other opening, each neutral plane thet

intersects the opening represents a plane of 2e0 velocily which seﬂqruf,es i
oppositely flowing streams of air. Such phenomena have been observed in

pessive puildings.
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