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STJMMARY

air æmpe in calculated a¡rnual

fä:i'ï 
uding a trvo zoneor

This paper reviews the principles of a two zo
stratification and shows how the latter cån be
with one air node in each zone. The model
program FRES (Flexible Room Climaæ and Energy Simulator).
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Rooms with disPlacement
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Fig. l. The principle of displacement ventilation .

Some parts of this paper are discussed in more detail in t4J, [5] and t6l.
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MODELS

Two-zone model
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z o is the ciíticår height above floor tevel, and v isa vorume flow rate. ¡ .

The,air exchange between the zones is represented by:

V uen,itøtion* V (zo) 
¿o.narol¡+ gefterc,! turbulence e)

Linear temperature stratification model .

in rooms with a chanpinp
ents have shown that"thE
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Fig. 3
i,ti:fä:iïl¡",í!e in ¡ooms with weak and distributed heat sources and
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the level above floor level u-td .soqe "

iii-aìããäÑð' and maY be more simPle

.' : ...¿

'iõ;orr*rur"mentsinatestrpomwithdisplæement,vpntilation'
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heish'[

above the floor. The temperatures *.r" rorurJ'itor it 
" 

surface of the floor to a point

close to the ceiling.
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ÏTIE MODEL IMPLEMENTED IN TRES

A: p-por.4 linear stratil¡carion m
P.TYt_ol. sections. Forcalcuia-tioi'oi as.,described in the

:litrtrftH: dirrerence betweet äÍ,rifii,"fä.i
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Fig. 6. The modeÍ imþèmented iíi FRES"

mËieårperature, z.'nea¡' ürË..¡ooi is ginen 
tby 

th'oequation
. , ,, .: rri .:t1.,

,,,, i. j :r ,',', ,. T.r=xr"*(l:'x)-Tr¡i' '

; f,: ', I l':

whÖre x = Dimenii(lirless. iemperatir¡ near-the;flool i x ='#,'
'i..Ì, j ...': i

il." = TempefaNne in âir outlet' ' ' '' ' :) ; i''

1¡ = Temperature in air inlet

sy g'eomÈb* mþar,r; äitnensionless- height òf a rectangular surface can

,-, : t:; ,,í.
I! t*,tI z .

be expr,èrsscd bY

.:;;ì", ..'-. (+) 
'.

ì-; : IY 2H

wherc H r : Height of lower side of recøngle

t/ z = Height of upper side of rectangle

H = Height of room

Mean æmperature for the air7, "felt'by the surface can be expressed by the inlet

æmperature ud the air outlet temperatur€:

T"-E"'To*(l-8")'7, (5)



The value I " is a,local,stratification number for the surface s. This numbér is expressed 
.-

by the stratificátion number x for the room and the minn height x 
" 

for.the burface by ,simple geometry:

E._x*Y,_xY" ,1 
(6)

. .:l*1 9flry-lg¡ a11.v^gr_ume 
with one single surface s can be expressed for Oesurtace and;the air volume by the equatió¡s i - -- ì,. . - i

U'(T^-?,)*U,(T.-T")* F,e-o O)

where

- U ,+ lJ n U,.8,
uo -E,lJ"*c,

4 6.8" ¡

u-.(l-8,).'
c"-(l-8.)U. ]ll, ].1; l;.]o - o

C "(7,-T o)* IJ o(7,-T 
")* 

( I - Fp)e = o (8)

r: i

7- = The neigbour temperature'inside the wall
1" = The surface temperature
7¿ = Air inlet ûemperature
Îy = Air temperature at level | - y 

n (mea4 surface height)7o = Air temperature at levet )z = I (Air ouU.g
Q = Room heat load
U¡ = Hèat condüctance from surface to nea¡est wall nodê
Uo : Convective heat con..ductance for the surface
Co = Heat capacity raæ oi inlet air
F, - Fraction of radiation io, ,oorn heat l.oad

This model u
force for the
a room faces
the same atri

A combinition of the previous equations results ir*"-üäìü;då.ä';^,it¡iä",ñä;;;ffir,'ilff.iilfiy'f,iïJ::Fîr,:T¿î?*
air flow patiern:

ï1"1.Ii (e)
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The loc¿l stratification number Ç" must be calculated for every surface¡.in the ioom for
a given X. You can easily see that l" = I for the ceiling for all values of X For the'floor, ,

E"= X.Further,thecaseX= l(nostratification)resultinl"= I forallsurfacepositions.'i
This- case reduces the problem to a normal single zone model.

As dircussed in the previous section, Xis a function of both the airflow rate and the heat
load. At the rnornent, a constant value of.Xis to the floor
temperature í3 implemerited as ui option. the ú121, bÂsed
on a simple.energy balance for the air volum g induction
ol,r.q)m atr rnto rnlet a¡r:

C "(7,- I,) * IJ o(T yrco,-T ,)- O (10)

wheÍeT 1øo, is the floor surface temperature. This equation is solved for the air tem-
perature 7, near the floor using a mixed air inlet temperature for all air inles and the
floor temperature catculated by FRES. The calculated air temperature T, is used when

calculating X
T r'T 

'- +r'

SIMTII,ATIONS AI{D DISCTJSSION

4! "41T, 
the ELA building at the Norwegian Institute of Technology in Trondheim

(Fig. 7), has been simulated over a period and compareS to measureménts.

Fig. 7. The EI;A building. : :

One single atrium was modelled. Sola¡ insolation and climatic data are measured over
a 3 day period with quite warm weather and clea¡ sþ conditions. Three simulations are
presented:

,rårr!^?aD 
^ttt.rrt
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- Ordinary onezone model, X = l.O

- Constant air stratification, X =.Q,2

- Va¡iable air:stratificatioî, X -.f (T¡, T 1øo,,C o) . ' :

. -' ;
The simulations uses measured outddor'tenr¡Ëizture over a 3 day period'Cs'inþut.
data are calculated by FRES. A Cloud Cover Factor is chosen so the calÖulated
radiation on a horizontal surface during a day is close.to the measured value. 

.,

füpolwlc¡ a X 0 b {=
T antta¡t

¡3h

The results are presented in the figures 8a, b; c, and d.:"The simulated"period is a quiæ
warm period with day,æmpsratures over 20.C,'preceeded by a colder period. There was
no heating demand exept by the hrst night.'The controller setpoint in the atrium is::15
C.iiì)l',
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Fig. 8. The simulation results.
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Fig 8a shows the temperature using X = I .0. This sifnulation is identical to a one zone
simulation with no air stratihcation model. The thick curve is the simulated air tem-
perature. You cal oberve the effect of heating the f¡rst night. The air hatches were fully
open the first period, using a measured air exchange rate of about 4 exchangelh. At the
time I = 47 43h, and the rest of the period, the hatches;were closed, using a measured
air exchange of about 0.45 exchangelh. That results in a temperature rise of G7 C which
9al bç found in the graph. In the period with closed hatches; the simulated,temperature
is slightly lower then the measured value. , :

| , ,-¡, .:: ';
Fig 8b shows a simulation with constant X = O.Z This results in two simulated æm-
peratures, one çonesponding to the upper level and another,corresponding to a level 1,7
m above ¡he floor. T;l¡s.upp€r level temperatures are higher thanjhe temperaturesifrom
the previous.simulation with X -,-l .O;,,drle'to the fact that convective heat transferris

utside each surface. Since this temperature is
the calculated heat loss is lower. This results

The calcu.lated.tQmpqmture at A level of 1.7 m is too low in the night aù too-high in the
day. The reason for this is that the stratification is connected to the solar load, which
varies from zero in the night to a significant value in the day. To correct for this, a model
which includes the heat load should be applied.

model is described in the previous
fig 8c. It varies from close to zero
ated temperature at the 1.7 m level

! : 
CONCLUSIONS

!ñ calcu!ãted annual
uding a h^ro zone or

th two temperature
sorses thesurfaces

' 

t.

conditions. A few other cases have also been tested, but more testing work remains
before the model can be released.
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