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IEE ItrfLItB¡lCE OF ÀIR OIIILEI DIRBeIION ON ltEB
STE¡II.ITY OF ÀIR THtrf PÀEI'BN¡fS III I,ARGE EÀÍ.IS

Jtirgen llaauch
leChnOtean Bau-Coneult r:'lnhl|

Iùiesbaden, G€¡:Dany

SI'üUARY

In roon air flow problens eepecially in large halls with
Jet air ventllatl-on the Àrchimedes Nr¡nber Àr ls known as
the most inportant paraneter. Àr ie kept constent for
gcale model te8ts but one generally did not pay attention
to phyalcal meanlng of Àr-componenta.

Àn extended À¡-definitÍon Ls propoaed, and baeed on this
parameter

#atqto

Àrt = einQ, t T.u2

O( = alr outl€t angle agalnet
horlzontal dlrection

one can better Judge non irothemal air flow patte.ne in a
ro@.

lle get
general
help in
gualfty.

ûon different Lntêrpretêtlon for vertical and
flow direction, and Lt ha¡ been proved that À¡ can

deeigm and control to reach a good air flow
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TBE INSLIIEIICE OF ÀIR OTTTÍ,ET DIRECÎION ON lEE
STÀBILITY OF ÀIR Effn{ PÀEIERNS IN I.ARGE EAI¡LS

Jürgen ![,asuch
Iechnotean Bau-Congult 6!bH

l{iesbaden, G'emany

1. IIITRODUCIITON

In the last 30
Iarge
work.

yeara the air flow in rooma, eapecially in
hae becone an important field of regearchhalls,

In this context the main parameters have been clarified.
lfe know that besides Relmolds - Nr¡¡nber Re the Àrchimedes
Nrrmlìer Àr gives the eEaential info¡mation on general air
flow characteristics - and under certain turbulence
conditions (Re >3.10i) Àr is the main pataneter.

Since the basic work of lrlülleJans [1] severaL authors have
used this method of flow description to golve air flow
si-mulation problens t2, 4, 6, 7l - mainly in experinents
with scale - modele where teats were executed under fi.xed
ÀI-Nttrnlìers [3].

But soon one found out, that reaulta which gave
principally correct flow info¡mation in different scale
modele, wele not completely clear t5l. One always finds
differences in flow stabillty that nay be explafned by
additional paranetera.

Neverthelees, it is very helpful to uae Àr especially for
Jet air diEtrlbution systens. though general theory is now
rather precise [8], we have atarted practical desigm and
control work in using Àr-nunbets.

But if n€ go into detail we find very different bagic
definitions according to specific length, and nunerlcal
values of Àr are conaeguently different, so that physical
interpretations due to nr¡merical values are not poseible.

Therefore we propoae to nodify and clarify Àr-definition
without changing fundanental neaning.

This brings the poeaibllity to better analyze influence of
air intake directlon in the cooling and heating caae.
If we physically understand the neaning of Àr, we can uae
it more in better engineering application. There exist
already aome applications that will be erçlained in the
following, where we are concentrating on Jet air flow.
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2. @IIBRAI.IZBD ÀRCEIIIEDBS IWI{BBR Àrlt

2.1 Conventional Àr-Definitiong
Àr ig the reLation of Uooyär,.y forces to Ímpulsi.onalforces in the air movenent in a ioom.Thi nr¡mbe high,if ie hi ationto flow nea!at the walls. t

rf we regard at a cÍrcular air outlet where the alr enterathe room witþ a velocity wo and with a tenperaturedtfference aP to room ai¡ temperature rte find thefollowing situation:
4

FÍ9. 1: Paranetere for Àf

Resulting preaaure valueg
forcea are

for i-mpulsional and buoyancy

(1)
o2?r=tw,

-þ
.tg

Á7= tî, - h'I

(2t
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If we regard the classical definition of:;Ar we'get

4e
?r

2s/o.î
TuîÀr (3)

wit]nl= characte.rist,Lc length ¡:Ln- the room
. .; .i"

:.
In ¡nost cases Àr Ís used in conparison to different scale
rooms, and one only rrants to keep Àr = const.

Therefore we often neglect,.the factor 2.

/."1
Àr ( 3a)

( 3b)

In nany publications thie characteristic length is freely
chosen e.g. as the outlet diameter (for nozzles) or the
slot width (for slot di.ffusers) [1, 21 4], what has nothing
to do wÍth the actual phyaical buoyancy effect and brings
Àr-values in mind that cannot be intea?reted physically.

.l T"to

tle propose generally to uae H for Àr-Nr¡nber.

Nor¡ we' Iook at the characterigtic lengrth in Àr that is
after Fig. 1 the effective heÍght H for buoyancy forces.

sa^Þ*¿= Tu:

2.2 
^ 

New À¡prcach to À¡cr'¡-edes lh¡Dber

l{e know that a conatant Àr pearits to compare different
testa with si-milar geomettf¡ under the aame themal
conditions. But what occurs if' thernal conditione vary?

In caae of cooling we fLnd that buoyancy forces add to
i-mpulsional forces, If we lntroduce the air fron the top.
In case of heating they subtract.

Fig. 2. compares the esEential casea of air introduction.



2.r.
Top Outlet

2.2.
Bottom Outlet

2.3.
WalL O¡tlet
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Fig. 2: Direction of buoyancy and lrnFulse effect fordlfferent air outlet poBitioás.
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In conparing those figrures we recogmize that the scalar
function

does not directly ex¡llain quantitatively what wiII happen
in the room.'

Àr

In Fig. 2.L
flow,

in Fig. 2.1. 'Heatingn ir is lAf?g ,

In Fig. 2.2. "Cooling" it is ?t-|?A t
in Fig. 2.2". "Heatlngn it iB ?¡*fø ¡
and for the wall outlet Fig. 2.3. we
angle

"CoolÍng"?¡r?A leads to a reeultlng ,r¡iertical

tan O(

If we define a generalized di-nensionleeg nr¡mber

Àr* - Resultant vertical force
rmpuraronar lorce

1 + Àr

for vertical casea 2.1. and 2.2.,

a
Àr +

for horizontal air outlet (Fig. 2.3). i,,

?a
P,

find aa a reeulting

(4)

(s)

se can better Judge room air movenent fron Àrl.
Ihis leads to

Àr E &!?s = t + hqu¿Þ
?t T, u!

?s
ft Àr+

,it J -ir"

(6)
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Corresponding to ELg. 2.3. we have to pay attention that inthe heatj.ng caae the referencr height iraã to be H¡, :

2g Har¿-t)
T ,ont

f
Ar <0 ( 6a)

in the cooling caae we use Hr(s

¿su^dr-ì,)*Àr= >0 ( 6b)
T o's,'

T:on- eq: (4) 
-we recognize the deviation of air Jet againstthe horizontal direction:

C( = arc ran (ar*) (4a)

@neral outlet di¡ection¡

Pig. 3: G,eneral conbination of Inpulse and Buoyancy force
Here we get

À¡
t ?taå x !Pa

(7)
wl-th P7

c( È angle against horizontal direction
= 90o lreana vertical i,nFulee(eq. (5))

= 0o leade to eq. (6)

0(

So we generalize

2sH aÐ

0¿

t

.D,g

Àr sr" o( t
T, ( 7a)



2.3.Physicat Signifiqation and Nu¡erical Va1ues
õf errr an<t æf 2 r:

9fhat can we lea eq. (7r?
If we want to orizontal air fJ.ow we may
compenaate the caubeê by buoyancy forces
in changing the ction so that
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for horizontal flow

for vertical flow

*
Àr 0

Yle get P¡ aLn w +fB 0

0( =+arcsin P6 (8)

In the heating case O<. has to be directed downwards, in
the cooling caae upwards.

ThÍs technique has been used already in [3], but variable
angles were fixed experimentally.

The generalization of Àr * permits to uae it for variable
loads - also in the

Isothemal cage:

?7

Àrl= 0

À¡* = 1

General:

Àrl > sino( , if inpulse and buoyancy
have the same direction

Àr* < sin OC , if . i-mpulse and buoyancy
have opposite directÍons.
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Brau¡llea:
i ; ,,

To become acguainted with the new Àr-Nr¡mbers we fo¡rr
Bome examples:

s sHaï
r?ß T 3 = t,2 kg/n ,with

t ")
= 100 Þ-.K, A

s_'.

$
a 3roKrT,,=3ooK

Iead8 to
H 3r IU 15 m

Pß= I t 2 2 4 6 Pa

wo 2 3 4 5 6 mle

Pr= 214 5r4 9'6 15 2L 16 Pa
sd

&,r

From thoae tableE ne can now combine different eolutions
and find out reall.stic Àtchi-medes-Numbers:

Table 1: Vertical Àl-r flor: = 1+&Àr

¡
AI

v
H=3m

w = 2mls
H=5m

w = 2m./s
H=5m
w-4m/s

H=10m
w= 2m./s

H=10m
w= 4m./s

H=10m
w=tlm/s

Coolûrg from tbc top lr5 1,37 t,2l 267 1,42 1,19

Hcating from thc top 0,5 0,63 0,79 -0,67 0,58 0,81



General experience
that means that
inpulaional forces
fron 1.
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is that an air flow should be stable,
Àr ahould be mainly governed by

It should always differ not too much

So with growing height the velocity also nust rige.

H = 5 n and w = 4 n/s may be good,

H = 10 sr ril = 6 mls night qlso be good.

H = 10 rr w = 2 mla is very unstable and
night bring problems.

But if we have gelected a
how to realize the outlet
-Number night help u6
behaviour.

f;(kv
(À"t

= L,2L)

= 1119)

*(Ev = 2t671

Eyaten and if we have an idea
situation, the new extended Àr

to understand principal flow

Yfe want to point out here that those tendencies are not
sufficient to select and dl-mension a ventilation systen.
Sone addÍtional paraneters aa bþêcific air volu¡re and
special geonetrical outlet patterrr have to be taken into
consideration.

Tabl-e 2: dorizontal flor¡ *&'ft
It

Àr
H t lett ua

1t

H=3m
w=2mls

H=3m
w=4rnls

H=5m
w=2mls

H=5m
w=4mls

H=5m
w=6m/s

tAr- : 0.5 t o-22 1 0.83 t 0.21 + 0.æ3

dwiation angle !26,6" t 12,5' ! ,l(F + l1,S 1 5,3o

Àr ie positive in case of cooling,
downwards, negative ln caae of heating.

deviation angle
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I{hat air flow dfrection must be chosen for H = 5 ttrr w = 2
n/s, to corupensate at the beginning the angle deviation?

From eq. (8) we ge1- dr= .faâfC Slfl 

-

= 56't
?¡

The interpretation of horiz
not exceed 0r3 what leads
17".*)

onÈal ar) snows that,Àrî/should
to an deviation angle of about

Ç

/
\

\ \\1
Fig.tl: Resulting Holizontal flow with conpensated angle

deviatÍon

Figure 4 showe the optimization of room air flow. The air
Jet must ren natant heÍght above the
occupational only elowLy when i-mpulse
and tenperatu al-noat negtigtUle.

3. çFXBRA¡, EIffT CEARÀSIERISTTCS

Àr* -interpretation has showrr that
different phenonena when selecting
with vertical or with horizontal flow

we' get completely
an air flow syatem

i) ìote: lfe can til now not decide whether the angle of(:' gemetric addition of forcee is really the angle
of ¡eeultant velocity vector, but eneigeticalÍy tt, should. Thie has Éo be,proved experimentally. -
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3.1 Vefr,l-cal flow

If ne make a Eelection with vertical flow we have to
choose a pattern for a large,.hall that brings suffÍciently
good results (rig. 5. ).

,l.r'

Fig. 5: Àir flow pattern for a large hall with vefr,ical aÍr
Jets.

In this caae we afe able to gruard the flo.w patter'p. under
differenË load conditions without changing,outlet direction.
À¡ t ehows why thÍg ig poaslble. tlo angle function occurÊ
in eq. (7a) for D( = 90o though for all other basic angles
buoyancy force changes air Jet anglet

If we find an effective control systen we are abl-e to
gruarantee a good functioning of ventilation under all load
condltÍone. Ihis systeri has been found as a combination
of velocity- and tenperature control in the cogling caae
Ieaving Àr = con6t (see 4.).
Only in changing the i-npulge function we reach principally
sl-milar air flow pattern also in the heating caae.

3.2 Eorizontal and Gþneral Flow

Here the eituation ie completel¡r. diffefent.:i-iA,Iso in this
case we nay È¡y to keep A.r = constr: under different load
conditiong. But this does not.,mean,to teach the,same flow
pattern here.

ù

\J
\.r

I

J



À reduction of .,b'uoyancy force cannot be conpensated by ,a.
reduction of impulsional force. If Àr = õonst. onty ttre
reEultant deviation angle wlLt be the same, but the Jetpenetration depth into the room wiLl change (Fig. 6):

x

-t. 
ì

Pig. 6: Different air flow patterne with conatant Àr* or
deviation angle tÅ .

OnIy a _further variation of o( may give a possibility to
reach the same width with the outlèt Lysten.-
But the control philosophy for thie plocedure is not yetquite clear. ChangÍng of ttre angle meãne that penetration
angle Ínto the occupational zonê will atso vafrr. ft seens
tgdgV that a Iot of work must be done to find án optimunwith those aystens.
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{. PN.àCIITCIL BIÀ¡IPI¡B

An ÀrchimedeE cont-ror systen for ventilation of big hatlshas been developed and inatalled in geveral proleËte l-n
Genany.

If we have a- constant outlet conflgruration (fiS. 5),r¡e
have. to adapt wùth the ventllation sy:sten to tire --Variá¡te
cooling load as foJ.lower , - .r;

a

Qo =, llaxLmun Coollng Load ti''

ie extracted of the harr with a certain air volume loutletvelocity % ) and a naxi.mum t@perature differential jlt-ø].
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tIf on-ly a loadÐ,-< Qoexiata we can.reduce eitlrer
w or both :

¿Þ or .',

az
^Þ4'

If q

then q

If Àr = const., then
üz

We put (10) into (9) and ger
3

(e)

= congt. (10)

( 11)

Yt
= (t) (12)

O 179

u9
wo

lu
(îJ,

= Gf"orq

q
â,UoE

1¿

1)t

o7
+ì

¿,'lo

and consequently

For q = 0r5 we get under theÊe; conditlons

Â)
õ,

1Ã

1),
0163 and

5. COXCI.ITSTON

Practlcally we are neasuri.ng tenperature differential
roon,/supply air temperatute, ánd aJ a fÍxed function we
reduce ãir volr¡me or velocity dependênt on ÁÞ .

t:.

In many cases the Àrchi-medes Nunber À¡ is used to realize
scale., nodel ,measurenenta of air ,flow in..¿fr coñditioned
rocrmg "' So oBè is sure under certain bordêr cdrditions toget in the model tests the aame reaulte a6 Ln,beality. i.::

No definition standard has been fomed,. and so a physical
sigmificance of Àr waa in moEt casea not in mind.

' : ¡i' : j l'

Here .wB trled to come roots' of Àr-
definition. Àn extended ed to distingruish
different casea, and it horizontal and
vertical air flow are quite different phenomena.



The new extended Archinedes Nunber lrf per.nita tocharacterize stablllty as before; in horizontal cagea the
lncldent angle deviatLon may be calculated,
ControL .theory- peqLts to find good stabllity of air flpw
independent of coolfng load wheìn ¡¡ . cons€ant can berealized.

tle_ hope that based on gome Buggestions in thie paper wewill proceed to a contfnuousl¡-better understandinþ of airflow in halls.
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