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SUMMARY

A.A. Golneshan and M.A. Yaghoubi, Natural Cooli‘r_ng' of a Residential Room
with Ventilation in Hot Arid Regions. Passive cooling in hot desert area of
iran with large diuranal temperature range of the ambient air and mearly

fixed wind pattern, is accomplished by several mearis' such 2% the construc-
tion of wind towers (Buadgirs). In order to determine ventilation perfor-

" mances in those regions a transient program was simulated for a single room

with glass windows. The caléulations done on the climatical data of a
typical city close to the central 'desert .of Iran like Yazd. Results indi-
cate that the incident solar radiation touthe room has a high influence on
the room air.temperature. For a single room constructed from bricks and
which has north and south windows, an appropriate selection of ventilation
during the ¢old period of night (12 to 30 times air-change per hour) and
during the day ('s time gir-change per hour), will substantially reduce the
room air temperdture during the hot period:of the day and will keep it with-

in an acceptable fange of the thermal comfort. . '
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A.A. Godneshin-et~M,A::¥a'ghoubi, La Climatisation Naturelle dran Lo
Dans les Kegions Arides. Dans les régions. desortiques et arides de

Tiran

“qui se caractéri¥ertrpar une température quptidienne de 1tair, mt{‘;.é"n , 3 la

fois trés Etendite et Elevée,et par le vent quasi fixe, la clipatisation
passive s'Effectue par les divers moyens tels que la ‘constyuction dilme
sorte de tour-de Vent (Buadgir).: Pour détezminer la performance de ventila-
tion dans ume telle région,nous avons procédé 2 1'élaboration d'un programmec
transitoire destiné 3 une seule piéce équipée, de pagneaux de,verye cpmme
fenéters. » Les critéres pris en comsidération furent; les, données climatiques

*-4*sne ville typique située prés-de.Désgrt centgal de 1'Iran comme Yazd. Les
-'résultats obtenus nous montrent ‘que 1'irridation des rayons solaireg exerce

,d'une fagon considérablejson inflvence sur.lg. température de la piéce.
Ainsi podriune seule pidc€ifaite de briques :dont les, fe.r;&treq .donmet sur
Nord et $ifd,un“é¢hétx opportun de ventilation derant la période froide
socturne ! (entre!13 et “30 £ois de changemented'alir par heure) et (L[% fols)
pendant la jourii€é: jadra comme’comséquence 1'shaissemgnt . de la température

‘2 1'intérieur de la pidte-auiedurs de période -chgude de. jowr, permgttant

alors de 1a maintenir-ddas un Btat du conforxt;thermique acceptable. ,
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KURZFASSUNG

A.A. Colneshan und M.A. Yaghoubi, Natiirliche Kilhlung der Bewohnten Riume in

Nelz-trockene Gebieten Durch. Liftung. In heizen Wistengebieten Irans, wo

tagsilber eine hohe, gmp.g___rg;.'yi'. ;;.t'pf_l.. fa_'a?_t_..ges‘!?ghertg Windartem zu betrachten

sind, wurde mit Hil Qraq -.v'e_r'qc,h'.l_ed_?tfgn Mitteln sowie Windtiirme (Baudgirs)
ssfve Kihlung ausgeflihrt. Um die' Leistung dieser Ventilations-

gen festzustellen, wutde ein Pragramm fiir eine provisorische

Rachalmuii_é.d&' e 'ehggpnan:en.ﬁ_rukturen fir eln einziges Zimmer mit Gias-

|

Fenstern ent\widg'll: . DAg perechm ngén ‘sird ‘hach Klimatischen Angaben einer
typischen Stadf, wie Yazd, nahe dn das ‘Wilstehgebtet im Zentraliran gemacht
2

vorden. Ergebnisse zeigen,.dafdie ins Zimmer einfallenden Somnenstrahlen
einen grofen Einfluf. auf.die-Raum-temperatur ausilben. Fiir ein Zimmer, das
mit Biegelstéieni= gebaut ist und mordlich und westlich jeweils Fenster hat,
vird eine angemegsené Auswahl der LEftung in-den Kalten Nachtsperioden (12
b1s 30 mal Luftwechsel pro Stynde)und tagsilber (1/2 mal Luftverinderung pro
Stunde) die Raumtemperatur. wihrend der heizen Perioden des Tages wesentlich
vermindern _m'_l‘ie_.inajigm annehmbaren -Unfang der Thermalbehaglichkeit

erhalteni. . : N
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= introduction

'étk_the present knowledge of air conditioning, the cooling needs of
any Jyilding cqn be met jh,)gough-mlg'pu available sufficient enermc'{msti\‘
in the Fu_rl-lofveiectticgkgqcr-g_\;}.j._spch conditions requires hig‘h:-initia}
ai:td ope":;ating.investmeqt_i and a-spbstastial expenditure of emergua : This
kind of, eneray is not avzilable.in most runal areas like ‘hat-arid -regions of
Tran, mgh}ch have nearly fixed seasonal and daily patterns of winﬁ, hot summer
days with goid nights, a high degres, oﬁ-so,lar radiation and .low air vapor

_ p'ressu.i;re__.:. Natural cooling in those areas is accomplished by severat means,
such as the construction of wind towers (Baudgirs) and undexrground :structurcs

(l']." Thea;g%, N for further improvements in the comfort level, thermal
slt_udles pi the residential buildimes in those areas with their,.unique meteo-
rological Patterns may yield substantial informations. .. - -
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. Passive copling investigations has recgived o it erable attention in
the ,p;esmt._‘yg‘ars. Most of these Studies are qy_ﬁi-tgt,ixﬁ_dbseripﬁm of

different procedpres which hw.ve‘hmused from the past @xperiences (1).
t ventilation: effect for a room #ith no

Quantitatiye Studies are few, i
windows is simitated by Chen and Mitchell (2). . Rowever, J¥adistion exchange
through operings which have a considersbie effeqt ';mjth_e_‘-.c;iéﬁ.‘i}‘g load in the
arld repions was not studied. ’ : ' ' o

. e IR
o In Fh1s paver initialy solar radiation on vertical walls with different
orientations is estimated. Imcluding radiationm, the ventilating cooling
effect is determimed by. camputer simulatipn of the room thermad sprocesses

¥ ‘,f&r various vemtilation rates and di_ffe;-gist windoy erientations. x
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.to:be . sum of direct beam, I, and diffuse compoment, D.
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_ Methodology., 4,5
; T el o =T s Swds b - .
. A room such as si:lmm in Fig. 1 has. selar:heat gain through glass sur-
fages. roof .and exterior walls, heat Flow.threpgh enterior walls, roof and

ground, and ventifation primarly due to wind tgwer or throughair vents (3).

Sejar radiation intenmsity op the surrounding-walds and windows is assumed

; Therefore, for any
vertical wall total radiation.is - - -

<2 I =:co§9w;{ 1(6,)(1 'CF)“'I’D(ez' (52 , i=1,4 m

* where I(ez) and D(;éz;*’€i‘§ ‘for Iran are as #ollows 4) d -

!(Gz) = 951,55 {1 - exp(-0.075(90-62)]} W/m (2)

D(Gz, CF) = 1.432 *2.!07(90-62) + 121.3CF  W/m (3)
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direct beams
Fig. 1. Schematic diacram
of a single room with |
glass windows on two
sides.

where CF is cloud factor. Zenith angle ez and 6 . can be determined by
v v,i
coseZ = siné sin¢ + cosécosédcosw ’

cosev‘i =—sinésin¢cosyi +cosésin¢cosyicosw + cosésinwsiny,
ry . . v. s . 1
where & is declination, ¢ is latiude, w is hour angle and & is solar azimuth
angle (5). For horizontal surface

Ig = 1(6,) cos8,(1-CF) + D(s_, CF) W/m? 4)
The Fransmitted solar energy through the glasses is assumed to be absorbed
partially by the surrounding walls and roof uniformly and the remainder by
the room air. For the surrounding walls the radiation flux is

k A . I.
_ i 7i
=t B2 W/n? 5)
i=1 w, 1
and the absorbed solar energy by the room air is
. k
Qs’a = 121 5g.i I p T (6)

where k may vary from 1 to 4. A_ is total surface area of the sidewalls and
ceilling, A ,i is glass window area of each side, t is solar transmissivity

of the glasses, and p_. is solar relectivity of the walls surface. Note, it

is assumed that the side walls and roof have the same thermal properties and
equal surface characteristics to solar radiation.

Knowing the radiation characteristics, the room air temperature Tp can
be determined by writing instantaneous energv balance for any time as

follows, . . .
Qin - Qout = Qacc (7
where . " s
Uy, - 151 Ag.i I p T+ iEI Aw’i hl(To'i - Tg) (8-1)
. k .
Qout._igl Ag,i Ug(TR'TA)"Afo(TR"TE) +m, cp,a(TR_TA) (8-2)
. dTR
Qace = ™ %,a Tt (8-3)

where k may vary from 1 to 4. Note T, j is inside surface temperature of
each wall or roof, A, ; is surface area of each wall or roof, Ag is floor
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area and Ug is overall heat transfer coefficient between the room and the
ground, m, is ventilated air mass flow rate, g is air specific heat, Ty
is ambient air temperature, mp is room air mass, U, is overall heat trans-
fer coefficient of the glasses, t is time and T is the ground temperature.
Substituting above quantities in equation 7 results:

dTR
o * 8 Tg = n(®) ] S
where k i
. 151 Ag,iug + izl Aw,ihl + Afo +m, CP’a
m, C
R p,a
k S k .
s iElAg,iperi +1£1Aw,ih1To,i +j£1Ag,iUgTA *mvcp,aTA +AfoTE

m, C
R "p,a
To,i, walls' inside surface temperature could be determined by assuming one
dimensional transient heat conduction in the walls. In such cases diffusion
equation in unsteady state conditions reduces to
aT. BZT.
. 3 s
at aXZ
where a is thermal diffusivity of the walls and roof materials, and x is dis-
tance along the depth of the wall. Corresponding boundary conditions for
inside and outside of each wall or roof is

i=1,5 (10)

aT,
i _ _ s o
Ko [in * £330 = hy(Tg 5 - T) i =15 (11)
3T, _
k5o OUt+fo’i(t) =hy (T 5 =T,  i=15 (12)

where Ts,i is outer surface temperature of each wall or roof, hl’ and h, are
inside and outside convection heat transfer coefficients, fj j =qy and

fo,i = (1- pS)Ii.
Results

A parametric study has been carried out to determine systematically the
appropriate ventilation model and window orientation for a room with dimen-
sions 9.14m x9.14m x 3m and with different wall thicknesses. Solar radiation
components were determined by using equations 1 through 4. The room tempe-
rature Tp was determined by solving equation 9 and 10 simultaneously (6).
Equation 9 was solved by Runge-Kutta method and equation 10 was solved by
finite-difference method employing Crank-Nicolson technique. Solution was
carried for a day with 4t = lhr and with an assumed initial condition at
t=0. Climatical conditions used in the thermal processes are the recorded
data of June 22 of the city of Yazd with 31.9 North latitude (3). The room
walls and roof assumed to be from common brick with a=0.438 x10"6 m/s and
k=0.63 W/mK. It was also assumed that Ps =0.24, t=0.8, h1 =11.8 W/mzK,
hy = 34 W/m’K, Ug = 0.28 W/mZK and Tg = 18.3°C(6).

Global solar radiation for different vertical orientations for the June
22 in Yazd is shown in Fig. 2. Note that solar radiation on the horizontal
surface is much more than on the vertical orientations.
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The effect of continuous air-change on the room air temperature (RAT) Controlling nigth ventila-
together with the out door air temperature is shown in Fig. 3. where ACH tion period for certain hours when
denote the room air the ambient temperature is lower
changes per hour. Note 1200 than the inside temperature, the T
that the room Has room finds out a lower air tempe- °
wifidows on all sides 1000} rature during the day as shown @
with the glass ared of in Fig. 6. It indicates that for 5
Y% of the corresponding & sook a room with north and south win- °
wall area (GA/WA=%). = dows of % of the corresponding °
For no ventilation the 2 wall area6 the RAT at 2 PM is g
RAT is almost flat and & 890 around 29°C while the outside air &
nearly higher than the u temperature is 38°C. Such as an
ambient air tempera- § 400+ inside condition is convenience s|GAIWA=ZNG wall thickness 30.5cm
ture, which is due to £ for the dwellers in the hot arid 0 4 8 i 16 20 %
the transmitted solar 200F zones of Iran. Time of Day, Hour
radiation into the Fig. 5. RAT for various night ventilation
room from all sides. rates (9 PM to 7 AM).
When ventilation per- 9% Conclusions
mitted the RAT tends Ti £D u
to flactuate and for Fi 2. CGlob imi N dia)', ourd_ff N £ Solar radiation arrived in
90 ACH the RAT ap- ig. 2. Globa ;_'ra_ a;ce onwdisEregens SLiEace the rooms in the hot arid regions Amb . ait
proaches that of the out- gtalilhe 22 dn fiazde of Iran has considerable influences »
door air but with 1 to 2 asr on the room air temperature in-
houts lag. Similar observa- crease. In these regions natural |
tion is found by Chen and comfort could be achieved during b
Mitchell (2}. However, the the hot summer days by night ven- O
higher the air-change the 33r tilation and appropriate selection o 2~ 7PM to SAM {20ACH)
larger is the fluctuation L of window sizes and their orienta- e ~—=8PM 1o 6AM (30ACH)
amplitl_xde of the RAT. When R tions. In the new pousing deve- 3 o0 9PM to TAM (30ACH)
there is only north and south g 27 90 ACH lopments, construction of east and = o09PM to 7AM ({ 30ACH )&
windows and no ventllf.itic_m3 I | I—-——; - aolicr wall thickness 30 5em west windows should bg discouraged N (.5 ACH) daily
the RAT has drooped signifi- § ) and north and south windows should E GAI/WA = 1/4 wall thickness 30,5cm
cafitly. However, the Toom g 21k T ‘_ZACH GAIWA =114 be made as small as possible. [ 150 L s 1 L L '
with thicker walls gets high- E —o—o— 6ACH four side windows Ventilation rates of 12 ACH to 30 4 B n % L %
er temperature, since it's &= —¢—s— 1ACH ACH during the cold period of Time of Day, Hour
walls have higher resistance 15 o NOACH . N X night should be incouraged and air- Fig. 6. RAT with Controlled
to the transmission of heat Y 4 [] 12 16 20 % changes and infiltration should be ventilation rates.
which is entered to the room Time of Day, Hour avoided during the day.
by sblar rdadiation. Fig. 3. Effect of continuous ventilation

rates on the RAT.
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