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SIMULATION ON TEMPERATURE AND
FLOW FIELD IN THE ATRIUM

(PART2. COMPARISON BETWEEN RESULTS
FROM EXPERIMENTS AND NUMERICAL ANALYSIS,

AND APPLICATIONS FOR ACTUAL DESIGN OF ATRIUM)

Y.Sonda, M.Yamamoto, T.Saito, S.Ohgaki, Y.Ozcki
Rcsea¡ch Center, Asahi Glass Co., LTD.

Hazawa-cho, Kanagawa-ku, Yokohama, 221 Japm

SUMMARY

In thc previous papcr (Partl), the numerical method fo¡ solar radiation, radiativc heat
ransfer and temperaturc and flow field calculation has been mentioned, bccausc thcse
calculations a¡e needed for thc analysis on temperatur€ and flow ficld in thc atium. In
this paper, comparison of ¡esults obtained from the æst atrium for experimcnts and ft,om
this numerical method will be mentioncd" and applications of this numerical mcthod fon
the actual dcsigl of atrium will appear. One of special fcature of this study is that solar
radiation, radiative hcat Eansfcr, tcmpemture and flow field calculation could be applied
to ùc arrium having vcry complicatcd shape.

I INTRODUCTION

In ordcr to vcrify accuracy of the numcrical mcthod mentioncd in thc previous papcr
(Partl), this papcr prcsents comparison of results obtaincd from the æst atrium[U fc
cxpcrimcns andfrom thc numcrical mcthod. Using the tcst atrium, the cxpcrimcns was
carried out without air-conditioning. Outline of thc test atrium was mcntioned in tl¡c
following paragraph.

The æs¡ atrium for cxpcrimcnts is having simple shapc, but actual arium has
complicatcd shapc gcrrcrally. So it is rcqufucd for nuncrical analysis to bc wcll adaptcd to
complicated shapc in acrual dcsign of atrium. In this papcr, it will be mcntioned some
applications with thc numcrical mcthod to actual dcsign of atrium having vcry
complicarcd shape.

2 OUTLINE OF THE TEST ATRIUM
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An ourward appearance of the æst atrium forexpcriments is shown in Fig.l, and a size
of this arium is shown in Fig.2. As shown in Fig.2, this atrium is 7.0m wide, 4.3m
long, and 4.5m high. All four walls are glasscs, and this atrium is facing south. The
north wall and the floor consists of building materials whose thermal' cha¡acrcristic is
well käown, such as autoclaved aeratcd concr€te;.extruded foarned polys¡rrene.

next
side

wall

glass

floor
Fig.l . An outward appearance of test atrium

for cxpcrimcnts. Fig.2. A size of test atrium.

3 ITEMS OF EXPERIMENTS

Items of expcrimcnts a¡e l)all solar radiation to horizontal surface, 2)rcfercnce
temp€r¿turc, 3)inncr rcmperature, 4)surfacc tempcratur€, 5)air flow velocity. Tcmperature
was mcasured by thermocouples whose radius is 0.2mm, and air flow velocity was
measurcd by the 3-dimcnsional supcrsonic mcasuring insh¡ment. The positions of
measuring insm¡mcnts arc shown in Fig.3 and Fig.4.
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Fig.3. Positions of mcasuring insruments.
(Inncr rcmpcraturc, flow vclocity)

Fig.4. Positions of measuring instruments.
(Su¡facc tempcrature)
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4 EXPERIMENTS CONDITIONS
'i(

.i

Tht cxperiments,ura¡i carricd out"when the sun caile in ¡he south di¡ection in March
26th. l99l; Then all solar radiation to horizonral sr¡rfacc was 645kcaVm2h,'and altirudc
was 56.4'.

'r 
_.5 C b¡{ "'1r¿{

:

Acôcding to the numerical oned lj*rnp.or,*

cæfficient.

' Fig.5. Mcúh of thc tcst arir¡m for finiæ óTcmcnt mcth<id.

pans absoDuvlw DcfmnblllW cmrssrvrW K TrcT

roof glass 0.27 0.ó5 0.90 u.7
south srdc glass lJ.27 0.6l 0.90 ,.ul lE.7

cast \vcst srdc qlass U.TI u.59 ' 0.9u t.0l tü.7
ìval¡ surtacc 0.9t U.U U.YJ ,.24 17.ü

floor surfacr 0.98 0.0 0"95 , 0.45 t4.2

unit : K'(kcal¡/m2h'C), Trcf('C)
K':Orrcr-all heat tranfcr cæfficicnt without conuibution of inncr convcctiræ hcat transfcr

Fig.6.-Thcrmal boundary conditions.
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6 RESULTS OF BOTH EXPERIMENTS AND ANALYSIS

6.T DISTRIBUTION OF INNER TEMPERATURE

The disribution of inner temperatur€ mcasurcd in the cxperirpents is shown in Fig.7.

The distribution of inner temperatur€ calculaæd by the numerical method is shown in
Fig.8 and Fig,9. The differcnce of Fig.8 and Fig.9 is whethcr the radiative heat transfer

is considered tr not in the calculation process. As shown in Fig.7, the distribution of
inner temperaturc by experfuncnts is nearly uniform, between 5l-53'C. It is obvious that

results of the numcrical analysis agrcc with that of experiments by considcring rddiative
heat transfer.

6.2 DISTRIBUTION OF SURFACE TEMPERATURE

As well as inner temperature, the distribution of surface tempera$re is shown in
Fig.lÞ12. In thc numcrical analysis without considering radiative heat transfcr, thc
surface tcmperaturc both of the no¡th wall and the floor is vcry high, morc than 100'C. If
¡adiative hcat transfet is considered in the numcrical analysis, rcsults approach
oxporimontal data. But the surface tÊmp€ratur€ of the numerical analysis is still lO'C
higher than that of cxpcrimcnts.

6.3 DISTRIBI.'TION OF FLOW VELOCITY

The disribution of flow vclocity by cxperimcnts is shown in Fig.l3, and that of the
numcrical analysis is shown in Fig.l4. In cxpcrimcnts , the updraft along the north wall
and thc downd¡aft along the glass wall wcrc survcycd. The velocity of downdraft was

about 0.2mls. This ændcncy is appcalcd in thc numcrical analysis.
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Fig.7. Inncr æmpcr¿turr.
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underflosrt a undcr tloor ¿

Fig.8. Inncr tcmpcrannË. Fig.9. Innc¡ tcmp€raturc.
(Analysis without considering (Analysis with considcring
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undcr l1

Fig. 10. Sr¡rfacp tcmpcr¿tur€.
(E <pcrimens)
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undcr l1

Fig. 1 1. Surface tcmpcraturr.
(furalysis without considcring
i radiative heat ransfcr)

under

Fig. 12, S urfacc tcmpcraturr.
(Analysis with considering

¡adiativc hcat tansfcr)
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watl
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Fig.13. The disuibution of flow vclocity.
@xpcrimcnrs)

o¡9. floor

Fig.14. Thc disribution of flow vclociry.
(Analysis)

wall

. 7 COMPARISON BET1VEEN EXPERIMENTS AND. ANALYSIS

Thc ¡csults ftom thc numcrical analysis with considcring thc effcct of radiativc hcat
transfcr-navc bctær a'greement than thc rrsults of anothcr analysis without considcring
radiativc heat transfcr,, Fc rcfcrcnc¿, incomc and expenditure of hcat flax on,thc nmtlt
wall is shown in Fig.l5. Then a dircction of hc¿t transfcr from atrirmr spacc to wall is
positivc. Thc amount ofradiatiw hcat transfsr is cqual o ø highcr than that ofconvcctivc

radiative hcat transfcr cannot bc by-passe.d to that of
that thc surfaæ tcmpcran¡rÊ of thê wali is affcctal by

hcat tnnCfer cocfficlcnt of convection vcry much. Throughout thc fuir¡re cxpcrimens, it
will bc cxpecæd to put forwa¡d a suggestion of wcll-suited hcat transfcr cocfficicnt of
convcction.
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8 OUTLINE OF ACTUAL ATRIUM

Seco¡dly, some applications of the numerical analysis to actual design of atrium having
a very complicated shape will be mentioned. Befo¡e cverything an outline of this atriur¡ is
cxplained. The atrium for anatysis is a part ilf I-project (in Osaka, Japan), and it.has
cylindrical shape. The atrium is connected with 1st.-3rd.floor office ioom. The fonñ õf
thc atrium is shown in Fig.l6, ard ¡hc rucasu'cr¡rÈt¡ts of thc at¡iunt is,shown in Fig.l7.
Still morc, thc mesh for finite elemcnt method is shown in Fig.18. Thc sizc of
elements are 0.2m(minimumF2.8m(maximum), and the number of elements is 36,237.
Thc ¡oof of thc atrium and thc north wall are glasscs: So at l3:00'21th. July, direct solar
radiation comes to the lst..and 2nd. floor. In'summer air-conditioner is run at lower
space of arium,ûo kecp climatp in the atrium. :.r-

glassæm
ouEr wal! r-] ,,

inncrwall mr
Fis.l6. Fornr of tle acn:a! atrium. X-X'section

Y-Y'æction
unit: m

Fig.l7. Msâst¡r€menrs of ¡hc actual arium.

II

tE

Fig.18. Mcsh of thc actual atrium
fc finitc clcmcnt metÌ¡od-
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9 BOUNDARY CONDITIONS

According to the prcvious paper(Panl), K',Trcf; and Q are ser up, as boundary
conditions. In this place Q is xilar radiation absorption'to cach wall considcring râOiativc
heat trar¡sfcr. The concrcte value of these boundary conditions a¡e shown in Fig.l9.
Boundary conditions about air-conditioning such as amount of air frow suppliJd or
cxhqusæd and æmperanue of ai¡ flow from ai¡-conditioner a¡e shown in Fig.20. 

- 
,

'Fig.l9. Thsrmal boundary conditions of the actual atrium...'
,' I :1

Fig.20- Bo.up¿ary conditions abour air-conditioning.. .

1¡¡;r'(1"

r0 aNALYSTS .i

; , I .rt- r. i..,.¡

Thc analysis was ca¡ried out acôordihg

,:.'": ;''
to thc numsrical mcthöd mentioncd in the

p'revious method@ortl). Xt took 3,000 minutes for the radiativc heat transfcr.calculation
tvith IBIVß09020J, and 180 minutcs for rcmpcrature 

"trà 
no* calculation wirh HITAC

5820/80. Thc radiativc heat transfcr calculation was elecuted for only sctting thc
boundary conditions, so radiativc hcat transfcr and convective hcat transfcr r+iere not
calculatcd simultancously. It was assumcd that the heat transfer cocfficient of, in¡ç,
convcction was 6.0kcaVm2h'C on cach wall. : '

parts aösorption K
<cavh.m?'C

K'
ccaVh.rn?'C

Tref
'c

a
kcal¡/h.m2

roof elass 0.23 6.45 18.18 34.0 0.0
wall slass o.2l 4.65 12.20 34.0 0.0

flom of atrium 0.90 t.o2 '1.14 32.O 5.4
cciline of atrium 0.90 r.52 1.E0 34.0 34.9
floor of offrcc 0.90 2.3? 3.M 26.O Lr-62

ceiling of ofrlce 0.80 1.87 2;29 26.O 29-tt6
wall of office o.90 2.44 3.51 34.O 0.0

p'ärlrtion of othce o.m 1-81 2.f4 26.O oo

position of ,air+onditioncr amounq o,f supply. 
Cl\,lH num,

total supply
CMH

velocity
rn/s

tcmp.
'c

supply ftom wall of atrium 1.455 8 11.640 l0-l 16.0
supply^from ower 3.880 2 7.1ffi 2.3 16.0
supply from towcr 1.500 7 10.500 'l.l 16.0

total amouniof sup¡ly (arium) t7 29.9ú
cxhaust ftom arium ll: 35,926

supply Arorr¡ cciling of off¡cc t42-965 16.0
cxhar$t trom ofñc¿. t36.939
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. II RESULTS OF ANALYSIS
: '. '.

The ci¡cumstances of dirccd sola¡ radiation reaching the floor is shown in Fig.2 1. The
maximum of direct soiar radiation absorption is 460-470kcaVm2h. The distribution of

inFig.22.It is conside¡ed that about lp0-l40kca1/mzh
otl¡erlwalls by radiative heat tra¡lsfsr, and an influence of

radiative l,p¡t Eansfçr eannot bc ignored in the numerical analysis. As a ¡esult of the

temperatult and flow field analysis, the distribution of æmperatu¡e and flow velocity on

Y-Y' section a¡e shown in Fig.23 andEig.24, thosc on the lst. floor (1.5m high) are

shown in Fig.2þ and Fig.26. Still more; thc disuibution of surface temperàtùrc on the
lst. floor is sfiôwn inFig,27. As shown in Fig.24 in theupper space of atrium,
ci¡culation flow àppears. About thc distribution of tcmperature, it can be seen that the

thermal snatihcation is formed in the atrium spacc, and lower space of atrium is wcll ai¡-
conditioned (22-26'C), so it is in the comforable condition.

Fig.2l.The circumshnces of direct

sola¡ radiation rcaching the floor.

utut, v

Fig.23. The distibution of inner

æmpcrature.(Y-Y' scction )

Fig.22. The distribution of ¡adiative

hcat transfer from the floor.

> l.Om/s

Fig.24. The disribution of flow

velocity.(Y-Y' scction)
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- l.Orn/s

o

unit:'C

Fig.25. Ihner lemperature Fig.26. Flow velocity
disribution.( I st.fl oor)

Fig.T7 . Si¡rface tempcra.ture

disuibution.(lst.floor)'
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12 CONCLUSION

In order to verify accuracy of the numerical method, we made comparison between
the rcsults
transfer. In

be
studied. The improvement of.accuracy of both and analysis be the

distribution.(lst.floor),

coming subject, too.
In the last pan of this paper, applications to aciuai ilesign 'of.atriqm ha
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