At A1 5B

Lom.as
17697

XV INTERNATIONAL CONGRESS OF REFRIGERATION
REFRIGERATION AND THE PRESERVATION OF WORLD RESOURCES

XV CONGRES INTERNATIONAL DU FROID
LE FROID ET LA PRESERVATION DEG RESSOUACES MONDIALES

VENEZIA 23-29 Sept. 1979

THE DISTRIBUTION OF AIR VEIOCITY IN
00MS WITH SMALL SIDE-WALL MOUNTED SUPPLY OPENINGS

P.V.\NIELSEY
Danfoss A/f - égidporg (Denmark)
1. INTRODUCTION

The ventilation of a large room is often achieved by supplying
inlau'ql¢'fnpm g small side-wall mounted orening. Fig. 1 shows the
velgaity distribution in a typical room with g gmall cireulan jnlet
opening close to the ceiling, The eupplied ajr forms a wall Jjet below
the'cegling which is eagsy to descpibe in terns of velogity distribu-
tion, ¢ntrainment etc. The Jet is deflected at the end wall o posite
the supply opening and the resultant flow in'ﬁhq lower papt ol the
Toom - the occypied zone - hag ‘a pather complicgted structuia. It is
the purpose of ghis papgi to discugs the results of a calculatiog '
procequrq whigh can predict the turbulent three-dimensignal flow in

all partg of the room ineluding thé ocoupied zone, ref. /1/. The pro-
cadyre i; ay extension of an‘e _ligr méthqed determining the twe=dimen-
sional f QW which takeg p1?¢q when the Supply opening ig of the lipear
diffuser type, ref /2/, /3/ end su/. A similar general Galculation
procedung uqa-aqu-bgqp gpplied to room air distyidbution by Hjertager
end Magnugsen /§/. - b )

_ Uiy CABOVLATION PROCERURE

The velooity distribytion in fhe rogg is ¢btained by solving
time-average diffevential équggigqa for the flow by a compyterbased
nymperical method, - - R .

The differential equations congjst of three mopentum quatiogs
(Navier~3t¢kqs equatio s)*gnQ'tha continuity equation. A tur ulent
todel describgd by dif erential qguationq for the furbulent kinetig
energy and the dissipagioq'or tunbylent kinee;g ENgrgy completes the
set of time-averaged 8gquations, The two-equatipn typbulence mocel has
been developed for the ‘present method by Lzunder et al /6/ and it has
been gxte afvely uged for reeirunlating-rlcw‘-racantly by Pope and
Whitelaw /7/. e 13 o

Thig paper Will oply deal With isothermal flow, but it is egsy
%o eytand th MchDQ'td'indludgjnonwiscthepma; flow by adding thé
energy eqpatiqn-ta the descrip 1Qn. - ]
) L qxgzqz‘domaip is divided ipto nodes whepe the differenczial
aquatiops agpe expresged in g finitq difference form, The pumerjycal
methad solves thg figite qifference equations by a line by line itera-
tion as descpibed in pef. 1/ and, in more d¢tgil, in a twosdimepsional
version by Gqswan ang Fun /87, . G SR L
~Turbulent boundary 1ayar'grar1139 gepqnibg the flow in the vicini-
ty of walls and thig g seripti 88d ta link the difference eaug-
tionms tq the wall'b mgapg af the wgfl functigns given in ref, /1/.
of griq nedes is gchigved by deserihing the iplet _
oouditions as a dqvelqpeq wall geﬁ‘iq an area ip rrogt Qf 'the opening
(0« x/H & 1.14 in fig, ‘1), This precludes the need Qp 2 large numbep
of grid nodes to describe ©he floy ip the immediate viginity of the
inlet opening, ) S

) VELOGITY D1gTRipuTIon

The mgasupements ang all caleylations disqyssed in $h%§ pgper
qoTo iade in-d rooy with g lemgth, L, thpge tings the Helght, H, ana
8 width, W, ‘equal 'to the height. The inlet opening Bas an afeg, g, of
the relative size g/A = 0.00126 whepg A = Hay, exgept in fig, 4.
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Fig. 1 - Measured and calculated velocity profiles
in a room with a small side-wall mounted supply opening.
L/H = 3.0, WH =1, and a/A = 0.00126.

i 2% Fig. 1 shows comparisons between calculated velocity profiles and
ket the measurements of Blum /9/ which were obtained with a Pilot-tube.
Velocities correspond to a Reynolds number of Re = 93000.

The upper- figure shows a vertical section, and the lower a hori-
zontal section through the centre line of the inlet opening. The results
indicate a discrepancy of around lo % in the.horinzontal spreading rate
of the jet adjacent to the ceiling and near to the side walls at x/H =
2.14. The decay of maximum velocity is also slightly underpredicted,
with an associated difference of 5 % in the centre line at x/H = 2.54.
The general agreement is, however, satisfactory and in the reserve flow,
for example, the discrepancies are below 1 % of the maximum flow ve-
locity.
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Fig. 2 - Distribution of maximum velocities through
the occupied zone of the room.

The complicated three-dimensional structure of the flow in the
occupied zone establishes the need for a condensed depiction of the
velocities as shown on fig. 2. Ur is the maximum velocity on a
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Vertical line through the occupied zone, The dotteq Curve shows the
velocity distribution from the deflecteq Jet close to the end wall,
These values, ang the valuesg close to the side walls, are not normally
included in the occupied zope, Fig. 2 therefore shows that Ur has a
Daximum in the area x/H ~ 2.0 with Urm/AU o = 0.056 and a minimum at
X/H~ 1.0 with (U}_[nJ/Uo Jmin = 0.007. The average velocity in the oceu-

End waly

Fig. 3 _ Velocity distribution close to side wallsg,
end wall apg floor of the room,

The minimum velocity (U, Vo Imin is connected to tyo Vortices
rotating about near vertical axes in the ares below the supply opening,

The influence of the size of the Supply opening has 5 practical
relevance for designers, The results of fig. 4 demonstrate this infiy-
ence and relate to an °pening with g small aspect ratio (squape, round
etc.) ang to a room of Square cross sectiog (WA = 1) and a length to
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Fig. 4 _ Maximun velocity Upp in the Occupied zone
as a function of Supply area a/p for opemingsg with
Small aspect ratios (three—dimensional flow) and
for linear diffusers (twu-dimensional flow).

4. ENVIRONMENTAL QuaLrTy

The énvironmental quality can be expressed by the maximum velocity
in the occupied zone Urm , or by the average velocity (U )avgs hut it
is more relevant to evaluate the velocities in counection with the tem-
Peratures in the Toow and the activity levels and clothing of the occu-

5

e room.
The curves on the left gide of fig. 5 show the distribution of
PPD in the occupied zone ip the case of gz supply velocity of 5 n/s and
8n air temperature T of 250C, The Pércentage of dissatisfieq follows
the velocity level, see fig. 2, because the temperature is low. The
maximum value of FPD is 22.5 % anq the minimunm value is 7.4 % corre-
sponding to g velocity below 0.1 m/s. The mean value, PPDEVS » for the
Toom is 14.6 % ang this may be useg to express the level or thermal

the high temperatureleve) . The minimum, Daximum and meap values of
D are respect;vely 7.7 %, 18.86 % and 12,1 %. Although the mean value,

Davg » only diffeps a little in the two cases, fig. 5 shows that the
complaints involve Quite different areas of the occupied zone.
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Fig. 5 -~ Distribution of "Predicted Percentage of
Dissatisfied" (PPD). Supply velocity U, = 5 n/s.

It is obvious from fig. 5 that there exists a minimum value of
PPLaygbetween 259C and 28°C. This is quantified in fig. 6 where PPD
is plgtted against the room air temperature T and it has a minimum
value of 5.8 % for T ~ 26.5%C (Up =5 m/s). This minimum value is the
"Lowest possible Percentage of Dissatisfiean (LPPD), ref./12/, and the
difference between IPPD and 5 % dissatisfied is a figure of merit for

avg

of the room.

The difference between PPDavg and LPPD may characterize the thep—
mostat setting and the capability of a control system. It is, for
example, possible to analyze the consequences of using = floating
temperature’ level during the day to achieve energy savings. Also the
influence of proportional band and on-off difference for various types
of controllers can be evaluated from fig. 6.
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Fig. 6 - PPDavg as a function of air temperature T
and supply velocity Us.

The curve plotted for Up = 2.5 m/s shows a decreasein LPPD (LPPD
slightly above 5 %), and a general displacement to lower air tempera-
tures. Those findings are due to the fact that a lower velocity means
a decrease in velocity differences giving a more uniform environoment
and it also means a decrease in the cooling of the human body allowing
& slightly lower room temperature.

The curves on fig. 6 conclude that low supply velocity creates op-
timal conditions in the special situation where the thermal load of .
the room is very small. But this cannot be concluded in the more general
case where the air conditioning systems are dealing with a thermal load.
In this case we may expect a high PPD value at low supply velocities
due to large temperature differences and also a high PPD value at high
supply velocities due to the velocities in the occupied Zzone. It may
therefore be assumed that there exists an optimal supply velocity be-
tween the two situations,
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It should also be mentioned that the calculation procedure gives
the level of turbulence which is also of importance to the environmental
quality, and which may result in further increase in the number of dis-
satisfied persons.

5. CONCLUSIONS

The present numerical solution of three-dimensional equations
shows in general a good agreement with measurements
and it gives the necessary information for the evaluation of thermal
comfort in the case of isothermal flow, i.e. air velocity and turbulence
intensity.

The calculations show that the maximum velocity in the occupied
zone is approximately proportional to the square root of the momentum
flow rate at the inlet opening at various supply areas.

It is further shown how the thermal quality of a space, expressed
by PPD functions and LPPD values, can be predicted.

NOMENCLATURE
a area of supply opening, m2
A area of end wall with supply opening, n?
H height of room, m
L length of Toom, m
LFPD Lowest Possible Percentage of Dissatisfied, %
PPD Predicted Percentage of Dissatisfied, %
T air temperature, deg. C
u, supply velocity, m/s
Up maximum velocity an a vertical line through the occupied zone,m/s
Urm Maximum velocity in the occupied zone, m/s
W width of room, m
x coordinate in the length of the room, m
Indices:
avg average
min minimum
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LA DISTRIBUTION DE VITESSE DE L'AIR EN SALLES GRANDES AVEC PETITS
BOUCHES DE LA VENTILATION MONTEES SUR LES PAROIS.

RESUME: La solution numérique des équations tridimensionelles présentée
donne des résultats bien comparable a des résultats d'essais disponibles
et pourvoit l'information nécessaire d'évaluation du comfort thermique
en cas d'ud courant isothermique, c.-a-d. vitesse de 1l'air et 1'inten-
sité de turbulence. )

Les calculs indiquent, que la vitesse maximum dans la zone 4'occu-
pation est approximativement proportionelle a la racine carré du cou-
rant de quantité de mouvement a la bouche de la ventilation.

De plus il est manifesté, que la qualité thermique, d'un salle,
exprimée par les fonctions PPD et les valeurs LPPD, peut etre prédite.



