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AIR VENTILATION/SOLAR CHIMNEY/SOLAR ATTIC/FREE CONVECTION

The purpose of this thesis is to study the ventilation of air in two-storey
buildings by natural convection with the help of solar attic and solar chimney attached
to it. The buildings were shaped to be symmetric and asymmetric with respect to the
mid-plane, with inclined transparent roofs. They had inlet air opening on the 1* floor
with flow passage ports on the 2™ floor and at edges of the attic; the opening on top
of the attic roof was attached to the base of a solar chimney which finally vent the air
to the atmosphere. The commercial computational fluid dynamics program, “CFX-5”,
was used to compute the results for all the study cases using the finite volume method
together with unstructured mesh topology. Two dimensional, laminar flows were
assumed in all the computations. The size of the building was set to be 10 m. wide
and 6 m. high with various building parameters investigated, namely, roof inclination,
height and width of solar chimney, solar intensity, and the symmetric/non-symmetric
shape of the roof. The results indicated that increases of roof inclination, height and
width of chimney, and solar intensity give higher ventilation. The increased
ventilation due to roof inclination is unexpected and should be further investigated. It
was found that the asymmetric roof gave about the same ventilation as the symmetric
case but air velocity in the building was higher and had a longer path. The findings in
this study can also be applied to ventilate agricultural buildings such as mushroom

and livestock buildings, in order to increase productivity at a low cost.
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ﬂ ~ _E(A_'OJ —>Ap=~ —pﬂAT 2.4)
P \AT

a I %) a % v o
winiasanldveslvaluuialugaund (ideal gas) Falianuduiusamauns p=pRT

v J

aunsaia £lannanuduiiug

1
:Bidealgas = ? (2.5)

4 a o t4 @
1o T Ao quugiiduiysal (absolute temperature) YU1AVDIA T S Voo Inala q uaaq
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1 1 b4 v 1
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auazusudeany
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Yod lnanfou (o) vsnulndnunurivesiagiuveslvaiuiadeniagiu q Fausg
v @ @ 1 1 dy a Ao 9 1 A
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2.3.2 avavnswewl (The Grashof Number)
Huuav135aRnwauvouams lnaveamsmdass el Tasdadu

1 H 4
51]’E)\1Lli\1ﬁﬂﬂﬁ?@]@tﬁﬂ!ﬁﬂﬂ%”lﬂﬂ’ﬂﬂﬁﬁﬂ (viscous force) ﬁﬂiz‘ﬁmamm‘lwa Aatl

Gr— bu'oyancyforce _ gApZ/ _ gﬂAZTV 2.6)
viscous force pV v

a v o 1 o J §
@3 lnamaanmswilastiay sz ldnavsd Tuaa lumsaruauveuuauens lna &9

Ty Tagdaa U5 UNDY (inertia force) ADLITILBDINNANVNIIA)

9

amnsnlouaums (2.6) lmilugdfmingaylagaail

T, -T,)x°
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A oA Yo 2
4o g = ﬂ’ﬂllLi\imﬂx‘lﬁnﬂﬁUWMLiQI’L!?J?I’N, m/s
[ a Q‘{ v A a o [ (2 ad [BE-Y
ﬂ = ﬁll‘iJ‘i$ﬁ“l/l‘ﬁﬂTisUEﬂEJﬂ’Jl“INﬂﬁlﬂﬂi, 1/K (ffﬂ“l’i’iULLﬂﬁﬁlLlQﬂiJﬂmJﬂ']LﬂWﬂU I/T)

Y
(= QUUYNUDINUAI, K

—
I

v k4
»= gugiuosued lvaned lnasniiuims, K

> —
Il

= ANWENIAMANHIVDITATI319, m
A J 2
v =anurilavaumansvesvedlva, m’/s
M35 IMg lvaszeglugisvesns InanuuswGeunsenuniluthuamnnsoionsu
9 9
Tannvunavesaavnsisor dmsumslvalasmsmidaszriiuurusoulunuidaiy i
Y ] 1 9 K I (] ~ 1 csy I

rmyns1vondesluuinndr 1x10” Jevziilunis lvalusrenuG ey minuinnniaziduns
Tnalugetlutliu (Cengel, 1998)

[ 1 9 dy a < [ ~ 1

8A3ININNANNTOUIINNUAIVEVedsgued IvanogTassonTums

Aa ° 3w a o .

Tvanuumsmdaszamisasiuam 1d9nngn1siiudive9iia@u (Newton’s law of cooling)

AIENNT

Qconv = hA(Ts _Too) (2.8)
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llagaﬂa\‘]ﬁﬂﬂ 9 Fi]uﬂigﬁ\uﬂ’lﬁlﬂqm1’?@'1]‘1]@\1@1ﬂ1ﬂﬂll3ﬂ5@uﬁﬂ?’]uﬁu1m@q“ff/uW'JTJ’NLGIfuﬁu
A o a e ' S ! [ S <
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2.3.4 aumsiudaa (The Boundary-Layer Equations)

4

aumsvesilymims lnavvumsmisasziuuduioulunuiaediglunumy

Y
AEINUAVANMSUNUNVDIMT 111a TUFUAIVIA (the governing boundary-layer equations) U84
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I 4 09/ o
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aunsFurtuaaaandluanns (2.9) Tuwduaunisi laanmisiasan
{ ] v o & I~ { o o 1 { [
Mo lvaduvedlvan luiimssada sudunniiudulagiialyiveslvanlidada
= d' A d‘ 1 1 ] = 1A (%
aovedlnanluinmsnlasundasainnunuiniy dgeuviniedqaz lumausiaosdives
[ 9 (=} a a 4? ] <3 = d o = 1
vod'lvadewald ilinswioaszinaty eg1elsnaw Uilensunisdszuianis Senin
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“Boussinesq approximation” mgﬂumqygmiﬂﬁzmmmﬁmumﬂﬁmwaﬂszmmiﬁm
Aanuruiuvesved lvalunn 9 menvesaumaduninei sndulumonveanss
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mmtiﬂaaammmﬂiwm%

= ] " Y usz' a dy Y = 4
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9
Y a o [ ] 1 1w 4
ﬂuﬁluﬂ‘ﬁﬂNGl\1ﬂ1ﬂﬂ‘U!LWH%@UﬁﬂWﬂﬁ%NWﬂ!mWﬂUﬁuﬂ ATUNT (2.10)

p
P_o (2.10)
oy

9 3
WANNUDITNUNT (2.10) mmﬁumﬂ“lumwmﬁﬁumuw%mﬁauﬁummﬁummmm%am

d' [ o’/} a d! [ Y
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p|
OX
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= =_ 2.11
x .9 2.11)

boundary layer free stream

k4
[

v o @ uazl a S
ANUU E‘Tllﬂ"lii’]laliﬂ}lIll!llu&s‘]llﬂﬁlblu%uW’JUN%%T‘IE‘HEJHJL!

e M (. = p)+ ou 2.12)
o Py =9 p) .

Y 1 VoA aq Y I J ~ Y A 09/ o
wWﬂ‘mimaﬂﬂfmmimﬂﬂWmmwmuuu‘nﬁmu@clmﬂumﬂm (INIUNNBDUUBDIUTHUNUDY

v04'lna) az'1d N
u—+v—=—(pw —p)+v— (2.13)
P oy?

4
A 0sUMoNNaa VeI NN Tuanms (2.13) Tugdvesduilszansmsversdn
a a ] . . . £ oA =
190301 TN19AIUTOU (volumetric thermal expansion coefficient, ﬂ)mmummmmm
Ysunamsnldsundasainnuruivaesguvginnasn ) weinisanianuaunasi

Henulae

1(op
=_—| = 2.14
p p(@ij (2.14)

a o [ { ' <]
IﬂEJ']Jﬂmlgiﬁ"mi'ﬂﬂ”lihlﬂaullﬂﬂ”liW”lﬂ'ﬂiJ%}’ﬂuﬁﬂ"li!']_laEJ"L!LLTJﬁQﬂ'NiJWUTLLHHLﬁﬂQLﬂﬂf!)’EJEJ

1 Y
Faausolszanama p 18 Tael% Boussinesq approximation Aail

1p, -
ﬂz__u

(2.135)
pT —-T

v o n’dy o P
unuANNFUTUTHa lugums luuuau i]%llﬂ'ﬂ
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ou ou o’u
U—+v—=9gp8(T-T, )+v— 2.16
o oy ST T ) 2.16)

) o dy <3 1 1 1 = 1
FIMIUAUNIT (2.16) U %zLW‘LA’N"lmJimgm’amlmﬂ31uﬁu1LLuu1uﬁwm‘i’aﬂﬂ’a”lﬂ LA
v A a d? < Jd o &£ & va Y 1 a
anoaIMnavUII U NFUv09 ﬂ (GKQLﬂUﬂﬂ!ﬁﬁJU@ﬂlﬂﬁmﬂ\?l‘lﬁa) NUHNAANNUDIYUNIY
1 Y Ay
igﬁ'N\HLWlJﬁ@u&iagmﬂﬂqﬁﬁﬂaﬂﬂiﬂﬂ
a 9 Ay < ) a . 1
WWﬂWFi]']3ﬂ!’lﬁlﬁsU’fNulﬁaﬂaﬁ]ﬂﬁ@ﬂlﬂUﬂ'lcﬁﬁluQﬂﬁJﬂ@ (ideal gas) 3£ AINTDNIAN

A 13 Tasunuaumsaniug (equation of state, p = p/RT ) asluaums (2.14) a¢'ldn

1(0 10 1 RT 1
ﬂz__(_pj :___(lJ _ 2 p2=_ P _2 2.17)
p\ OT o p OT \ RT 0 p RT T

an 1 < A o o & ] < a
Taggangiinunumasaduguugiduysaidgaliniredunaiu (K)

U U

4
o o ' o 1 v J
L'Vl’E)iJsUi’JQLLﬁQﬂf’)EJ@]'J%]%']J?WﬂQGLLlﬁiJﬂ"liTiJ!?JHG]?JW]”I‘L!‘L! FIUAUNITOYINHUIA
v W v qg;’ a 1 1
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(boundary layer flow over a flat plate) Auso@euaNMILNUNNo T U1eDIMT IHauuumMsw

4 2
saszriurudouluunndlddeyavesaunmsdiuas aail

%Jr%zo (2.18)

0 0 02

ua—i+va—;=gﬂ(T —TOO)+V$L2J (2.19)
2

uaa—1+v(igT =a aayTz (2.20)

v o
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st sk sk sk sk sk sk steske sk ske sk sk sk stk stk steske sk stk stk stk stk skoskeosk stk stk stk skoskeok stk stk stokoskoskok sk stokostokokokok ok sokostokokokokskokskok

st sk sk sk sk stk steske sk ske sk sk sk stk stk steoske sk sk sk stk stk steosk skoskeosk stk stk stk skoskeok stk stk stokoskoskok sokostokostokoskokok ok sokoskokokokokskok ok
#+#+%  THIS PROGRAM GIVES SIMILARITY SOLUTION RESULTS FOR ~ **#*x
#+#+x | AMINAR FREE CONVECTIVE BOUNDARY LAYER FLOW OVER A *#*sx
e VERTICAL ISOTHERMAL FLAT PLATE. #hass
st sk sk sk sk stk steske sk sk sk sk sk stk stk steoske sk stk stk stk steosk skoskeosk stk stk stk skoskeok stk stk stk skoskok sok stokostokoskokok sokosokoskokokokokskok ok
DIMENSION T(10000),F(10000),G(10000),H(10000),A(10000)
& HGUESS(3),AGUESS(3),FPIN(3), TPIN(3)
REAL KF0,KG0,KHO0,KF1,KG1,KH1,KF2,KG2,KH2,KF3,KG3,KH3
& KT0KAO0KTI,KAIKT2KA2,KT3KA3
COMMON DETA PR
st sk sk sk sk stk stk steske sk sk sk stk stk steske skoske sk stk stk stk skeske sk stk stk stk skl skoskok stk stk stokokoskok sokostokostokokoskok siokosokoskokokokok sk
OPEN(UNIT=1,FILE='SIMPLNPR.DAT)
OPEN(UNIT=2,FILE='SIMPLNPL.DAT")

st 3k sk sk sk ke s sk sk sk sk sk ke sk sk sk sk sk skl sk sk sk sk sk skosie sk sk sk sk sk skl sk sk sk sk sk skl sk sk sk sk sk skl sk sk sk sk sk skl sk stk sk sk kol skokskoskokokskok

WRITE(6,4250)
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WRITE(6,4290)
WRITE(6,4260)
READ(5,*) PR
WRITE(6,4250)
DETA=0.0015
N=10000
WRITE(1,4290)
WRITE(1,4270) PR
sttt otk st R sl skl Rk ok sl sl ok otk sl sl Rk ksl sl skl Rkl R sl o sk
* N=NUMBER OF GRID POINTS
* PR=PRANDTL NUMBER
* DETA=ETA STEP SIZE
st s e ek s el e e s el s el e s e el s el s e s el s el e e s ek s ke e ko
INTR=1
HGUESS(1)=0.45
AGUESS(1)=-1.1
IF(PR.LT.15) THEN
HGUESS(1)=0.6
AGUESS(1)=-0.9
ENDIF
IF(PR.LT.10) THEN
HGUESS(1)=0.7
AGUESS(1)=-0.7
ENDIF
IF(PR.LT.5) THEN
HGUESS(1)=0.8
AGUESS(1)=-0.5
ENDIF
IF(PR.LT.1) THEN
HGUESS(1)=0.9
AGUESS(1)=-0.4
ENDIF
100 CONTINUE
DO 1001 J=1,3
F(1)=0.0
G(1)=0.0
T(1)=1.0



H(1)=HGUESS()
A(1)=AGUESS()
DO 1000 I=2,N

FO=F(I-1)

G0=G(I-1)

HO=H(I-1)

A0=A(I-1)

TO=T(-1)

FC=F0

GC=GO

HC=HO

AC=A0

TC=TO0

CALL RUTKUN(FC,GC,HC,TC,KF0,KG0,KHO0)
CALL RUTTUN(TC,AC,FC,KT0,KA0)
FC=F0+0.5*KFO0

GC=G0+0.5*KG0

HC=H0+0.5*KHO0

TC=T0+0.5*KTO0

AC=A0+0.5*KA0

CALL RUTKUN(FC,GC,HC,TC,KF1,KG1,KH1)
CALL RUTTUN(TC,AC,FC,KT1,KA1)
FC=F0+0.5*KF1

GC=G0+0.5*KG1

HC=H0+0.5*KH1

TC=T0+0.5*KT1

AC=A0+0.5*KA1

CALL RUTKUN(FC,GC,HC,TC,KF2,KG2,KH2)
CALL RUTTUN(TC,AC,FC,KT2,KA2)
FC=F0+KF2

GC=G0+KG2

HC=HO0+KH2

TC=T0+KT2

AC=A0+KA2

CALL RUTKUN(FC,GC,HC,TC,KF3,KG3,KH3)
CALL RUTTUN(TC,AC,FC,KT3,KA3)

F(D=F(I-1)+(KF0+2.0*KF 1+2.0¥*KF2+KF3)/6.0
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G(D=G(I-1)HKG0+2.0*KG1+2.0*KG2+KG3)/6.0
H(D=H{-1)+(KHO0+2.0*KH1+2.0*KH2+KH3)/6.0
T(M=TA-DHKTO0+2.0*KT1+2.0¥KT2+KT3)/6.0
A(D=AI-D)HKAO0+2.0*KA1+2.0¥KA2+KA3)/6.0
1000 CONTINUE
FPIN(J)=G(N)
TPIN(J)=T(N)
IF(ABS(FPIN(1)).LT.0.0000005) GO TO 300
IF (J.EQ.1) THEN
HGUESS(2)=HGUESS(1)+0.001
AGUESS(2)=AGUESS(1)
ENDIF
IF (J.EQ.2) THEN
HGUESS(3)=HGUESS(1)
AGUESS(3)=AGUESS(1)+0.001
ENDIF
1001 CONTINUE
IF(INTR.GT.100) GO TO 200
DEFVF=(FPIN(2)-FPIN(1))/0.001
DEFVT=(FPIN(3)-FPIN(1))/0.001
DETVF=(TPIN(2)-TPIN(1))/0.001
DETVT=(TPIN(3)-TPIN(1))/0.001
DH=(TPIN(1)/DETVT - FPIN(1)/DEFVT)/(DETVF/DETVT-DEFVF/DEFVT)
DA=(TPIN(1)/DETVF - FPIN(1)/DEFVF)/(DETVT/DETVF-DEFVT/DEFVF)
write(6,9999) INTR,FPIN(1),TPIN(1)
9999 format(2x' Iter. No. = ",I4," F prime infin. =, F10.5,
&' T infin. =",F10.5)
HGUESS(1)=HGUESS(1)-0.5*DH
AGUESS(1)=AGUESS(1)-0.5*DA
INTR=INTR+1
GO TO 100
200 WRITE(6,2000)
GO TO 7777
300 WRITE(6,3000) INTR
7777 CONTINUE
WRITE(1,4500)

DO 7000 I=1,N,10
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ETA=(I-1)*DETA
WRITE(1,4000) ETA,F(I),G(I),H(1),T(I)
WRITE(2,5500) ETA,G(I),T(1)
7000 CONTINUE
WRITE(1,4280) A(1)
WRITE(6,4280) A(1)
WRITE(1,4281) H(1)
WRITE(6,4281) H(1)
CLOSE(1)
CLOSE(2)
STOP
2000 FORMAT(' ***###%* FAILURE TO CONVERGE ***###%x1)
3000 FORMAT(' VELOCITY FUNCTION CONVERGENCE IN ',I5, TTERATIONS')
4000 FORMAT(5F10.6)
4250 FORMAT(///)
4260 FORMAT(' INPUT THE VALUE OF THE PRANDTL NUMBER THEN ')
4270 FORMAT(//, PRANDTL NUMBER ='F12.3,/)
4280 FORMAT(//, THETA GRADIENT AT WALL ="F9.3)
4281 FORMAT(//, F PRIME GRADIENT AT WALL ="F9.3)
4290 FORMAT(/,SIMILARITY SOLUTION FOR FREE CONVECTIVE FLOW',/
$'OVER A VERTICAL ISOTHERMAL PLATE'/,
$ W)
4500 FORMAT(' ETA F dF/DETA D2F/DETA2 THETA')

5500 FORMAT(F10.6,,,F10.6,,,F10.6)
END

sk 3k sk sk sk ke sfe sk sk sk sk sk ke sk sk sk sk sk sk sk sk sk sk sk sk skt sk sk sk sk sk skl sk sk sk sk sk skl sk sk sk sk sk skt sk sk sk sk sk skl sk stk sk sk kol sk skokskoskokokskosk

*  RUTTA-KUNGE SOLUTION ROUTINE FOR VELOCITY
st sfe sfe sfe sfe sfe she she she she she she she she she she she she sfe sfe sfe she sfe she she she she she she sfe she sfe sfe sfe she sfe sfe sfe sfe sfe sfe sfe st sfe st sfe st ste st steosteosteosteosteoskeoteoteotokokokololololololokolokok
SUBROUTINE RUTKUN(F,G,H,T,KF,KG,KH)
REAL KF,KG,KH
COMMON DETA,PR
KF=DETA*G
KG=DETA*H
KH=(-0.75*F*H+G*G/2.0-T)*DETA
RETURN
END
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st sk sk sfe sk stk stk steske sk sk sk stk stk steosk sk sk sk stk stk stk skeske sk stk stk stk skt sk stk stk stk stokoskoskok sokostokostolokoskoksokosokoskokokokor sk

* RUTTA-KUNGE SOLUTION ROUTINE FOR TEMPERATURE
sttt ot ot o sl ok sk otk ok sl sl sk otk sl sk otk ksl sl skl Rkl R skl o sk
SUBROUTINE RUTTUN(T,A,F,KT,KA)
REAL KT,KA
COMMON DETA,PR
KT=DETA*A
KA=-0.75*PR*F*A*DETA
RETURN
END
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a J ong 9 o Y 4 ad
In51zH naznszuaumITuiie Tavaziinisudaunisvesilywinis lvadionssuis
U3uasdna (finite volume method) 1w 5uTdsunsuimargvins lnaduiagy CFX-5 e
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CFX-5
Solver Manager
*

1
1
v

CFX-Build CFX-5 Solver CFX-Visualise
(Pre-processor) (Solver) (Post-processor)

U7 v.1 gnlgmsihauveslsunsudnsizrins lvadusaga CFX-H

U Y

Y =2

FugazaonfindvinhiindeadstunszuaumshauveslsunsuduSaguin 'l Tasd
10aziBen fail

CFX-Build ; fvhftsudendunssunumsduduveslsunsududaqalinly

CFX-5 Solver Manager : finihiiaasesud19lasmsuansaiiildarin CFX-Solver wu
wihaeluvazii CFX-Solver masedluduneuvesmsdie

CFX-5 Solver : finthitmuidenfudunoumsinszivealisunsudidogiialy

CFX-Visualise : finthimuderfunszuumsiuieveaTisunsuduagiit
anwamnsolumsdrassms InavesTdsunsua ivanegiluuy dait

- Steady-state ua transient flows

- laminar waz turbulent flows

- subsonic, transonic waz supersonic flows

- heat transfer

- huoyancy

- non-Newtonian flows

- transport of non-reacting scalar components
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~.2.1 CFX-Build

CFX-Build ifluserdunsludruiiforsumssimuagliudnpazvosilam
WdndvoamsIna doulvveniva winilmesiineadumsadrans douluFudu uazwis
imesiineatumsiined (SOVer) uenmnanwaunsalumsadisgiudnsazveailam
Srwaseaiieniioglu CFX-BUild §rod 0w fsamsaminmsmduTilsunsugveen
suuvate Tsunsudaeny Tasadegisnanvuzvesilymuullsunsugisoonuuumal
yiu ninifuseda ditanTu CEX-BUild wiovirldsmuna Tanmuazrau 4 do'la) Talsunsy
FrveenuuuiiaiuayuiuTilsunsugiedinnzdnig lvadusaga CFX-5lszneudae
Pro/ENGINEER, Unigraphics, CATIA, Euclid 3, CADDS 5 uaz Solid Works ifudu wensindi
CFX-5 fiserunsasmuaidon lvvenivaiidnbms gilsvesilyni 18 Tasass aaeaauany
ansalumsafanrdnyaras q 18Taosa Tuila Faavsroannarlumsarawsidun
it

v.2.2 CFX-5 Solver

Fudunoudonnmssimuameg q fisuiluii CFX-Build Tau CFX-Solver a¢
ﬁwmsmﬁmauiﬁ’ﬁuﬂmmmﬂwaﬁé’i%’ﬁwmii‘iwamﬁufﬁugﬂmmﬁmﬂsﬁmau (solution
variables) sna

2.2.1 CFX-Solver Manager

CFX-Solver Manager azog1u CFX-BUild siudaunilsves T sunsudfinei
wé’mﬁmﬁuﬂﬁﬂmﬂuﬂﬁﬁmumm Solver G’f;q%mewaaaﬂmﬂlugﬂmmﬂmﬂﬂ wihiivdn
voa CFX-Solver Manager fe sviua input file 1%y CFX-5 Solver iSugunsenga msvha
vo3 CFX-5 Solver naznananadwsnnmssiunaruniveuanina

v.2.4 CFX-Visualise

duerldiniiimififusunszuoumsduihe Usznoudmadeado o
flazTreTinsziiazudaaradnsi ldnnnssiaesdaeTusunsy CFX-5 snumsiididues
worldinTdil e

- msnaeadvedle Tmasesiwle (iSosurface coloured) vosdamalsara o

- mwmmenuumes ailniivl (perspective views) Tae lunaaudungmiald
aapasuauamsalumsuaauiuuaanivesiag (Shading)
- msnaeannnesauwia (Velocity vector) uazidnTasasas (contour) uu

A Y
FEUIUNADINIT
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< :

- mswdeadveuduuuimslua (Coloured streamline)
1 o A @

- MsnaasmHaans nilud ey

- MIMUIUAFIYTIUAN 9

d‘ 9 o
- MTUAAUNTN 1T IUNITIa04

)
.3 fet1amsuansnavolilsunsa
v JAYy Y o o v =2 Y - & o .
paansn ldoinnisdiuau ldsunsuezimsduiin Blulddmudeyadaioni
T HIRIY, = R e o ' o ¥ A v Jay Y
OUtpUtFI|e doyafigniuiniinidoyafiimuanounsmuinazdoyanionaansn Ia
° J a J i o 1 9 o { I o '
nnmsmura Al ldyidadl luhdverih Output File #wsunsald o wwaauiludledia
9y 1 [ 9y A o Y o ' ~ o 1 A < 1
Yoyadiuusniudeyanimualiiullsunsuneunazmuia aiundouilunsuaaia
H { 1 o % o o J. o o 3
druanaa (Residaul) #1dTuudazseumsdiuin dsdmsunsaid Tusunsuiimsfuaaia
4
@1 2000 50U Vavga MsudaIwaluudazsoumMsfuInIzianyuzifeIiu fade lduaaswa
Y ~ o ~ ~ ' qul A I [ 1 9
Idqiisasounisdiuimi 1, 2 waz 5001 2000 wmiu iweitlumsisenda nazdiuganie

1 4
Wumsaginanadnsi ldnnllsunsy dail

This run of the CFX-5.5.1 Solver started at 15:39:31 on 27 Dec 2003 by user
pollyl on POLLY (intel_p3_winnt5.1) using the command:
C:\CFX\CFX-5.5.1\0in\5.5.1\perllib\cfx5solve.pl -stdout-comms -batch -ccl-
Using the CFX-5 Solver optimised for the winnt architecture from
C:\CFX\CFX-5.5.1\0in\5.5. Liwinnt\solver-pvm.exe.

Setting up CFX-5 Solver run ...

+. +
T

|
| CFX Command Language for Run |
| |

LIBRARY :
MATERIAL : Air at 308K

Option = Pure Substance

PROPERTIES :
Option = General Fluid
Density = 1.1464 [kg m"-3]
Dynamic Viscosity = 1.8875E-5 [kg m™-1s"-1]
Specific Heat Capacity = 1.005E3 [J kg1 KA-1]
Thermal Conductivity = 2.673E-2 [W mA-1 K™-1]
Thermal Expansivity = 3.247E-3 [K"-1]
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END
END
END
EXECUTION CONTROL
PARTITIONER STEP CONTROL :
Runtime Priority = Standard
PARTITIONING TYPE :
MeTiS Type = k-way
Option = MeTiS
END
END
RUN DEFINITION :
Definition File = straightchim7m4bdeq_2.def
Run Mode = Full
END
SOLVER STEP CONTROL :
Runtime Priority = Standard
EXECUTABLE SELECTION :
Double Precision = Off
Use 64 Bit = Off
END
PARALLEL ENVIRONMENT :
Option = Serial
Parallel Mode = PVM
END
END
END
FLOW:
SOLUTION UNITS
Mass Units = [kg]
Length Units = [m]
Time Units = [s]
Temperature Units = [K]
Angle Units = [rad]
Solid Angle Units = [sr]
END
SIMULATION TYPE
Option = Steady State
END
DOMAIN : straightchim7m45deg?2
Location = straightchim7m45deg2



Coord Frame = Coord 0
Fluids List = Air at 308K
DOMAIN MODELS :
DOMAIN MOTION :
Option = Stationary
END
BUOYANCY MODEL :
Option = Buoyant
Gravity X Component = 0.00 [m s"-2]
Gravity Y Component =-9.81 [m s*-2]
Gravity Z Component = 0.00 [m $*-2]
Buoyancy Reference Temperature = 3.08E2 [K]
END
REFERENCE PRESSURE :
Reference Pressure = 1,0133E5 [Pa]
END
END
FLUID MODELS :
TURBULENCE MODEL :
Option = Laminar
END
HEAT TRANSFER MODEL :
Option = Thermal Energy
END
THERMAL RADIATION MODEL :
Option = None
END
END
SUBDOMAIN : Attic
Location = Attic
Coord Frame = Coord 0
SOURCES::
EQUATION SOURCE : energy
Option = Source
Source = 3.2323E2 [W m*-3]
END
END
END
SUBDOMAIN : Ceiling
Location = Ceiling
Coord Frame = Coord 0
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END
SUBDOMAIN : Floor
Location = Floor
Coord Frame = Coord 0
END
BOUNDARY : Inlet
Boundary Type = INLET
Location = Inlet
Coord Frame = Coord 0
BOUNDARY CONDITIONS :
FLOW REGIME :
Option = Subsonic
END
MASS AND MOMENTUM :
Option = Total Pressure
Relative Pressure = 0.00 [Pa]
END
FLOW DIRECTION :
Option = Normal to Boundary Condition
END
HEAT TRANSFER
Option = Static Temperature
Static Temperature = 3.08E2 [K]
END
END
END
BOUNDARY : Outlet
Boundary Type = OUTLET
Location = Outlet
Coord Frame = Coord 0
BOUNDARY CONDITIONS :
FLOW REGIME :
Option = Subsonic
END
MASS AND MOMENTUM :
Option = Static Pressure
Relative Pressure = 0.00 [Pa]
END
END
END
BOUNDARY : Ceilingl
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Boundary Type = WALL
Location = Ceilingl

Coord Frame = Coord 0
BOUNDARY CONDITIONS :

WALL INFLUENCE ON FLOW :

Option = No Slip
END
HEAT TRANSFER
Option = Adiabatic
END
END
END
BOUNDARY : Ceiling2
Boundary Type = WALL
Location = Ceiling2
Coord Frame = Coord 0
BOUNDARY CONDITIONS :

WALL INFLUENCE ON FLOW:

Option = No Slip
END
HEAT TRANSFER :
Option = Adiabatic
END
END
END
BOUNDARY : Floorl
Boundary Type = WALL
Location = Floorl
Coord Frame = Coord 0
BOUNDARY CONDITIONS :

WALL INFLUENCE ON FLOW :

Option = No Slip
END
HEAT TRANSFER
Option = Adiabatic
END
END
END
BOUNDARY : Floor2
Boundary Type = WALL
Location = Floor2
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Coord Frame = Coord 0
BOUNDARY CONDITIONS :
WALL INFLUENCE ON FLOW :
Option = No Slip
END
HEAT TRANSFER
Option = Adiabatic
END
END
END
BOUNDARY : Syml
Boundary Type = SYMMETRY
Location = Syml
Coord Frame = Coord 0
END
BOUNDARY : Sym2
Boundary Type = SYMMETRY
Location = Sym2
Coord Frame = Coord 0
END
BOUNDARY : Sym3
Boundary Type = SYMMETRY
Location = Sym3
Coord Frame = Coord 0
END
BOUNDARY : Default
Boundary Type = WALL
Location = Default
Coord Frame = Coord 0
BOUNDARY CONDITIONS :
WALL INFLUENCE ON FLOW :
Option = No Slip
END
HEAT TRANSFER :
Option = Adiabatic
END
END
END
INITIALISATION :
Option = Automatic
Coord Frame = Coord 0



INITIAL CONDITIONS :
STATIC PRESSURE :
Option = Automatic with Value
Relative Pressure = 0.00 [Pa]
END
TEMPERATURE
Option = Automatic with Value
Temperature = 3.08E2 [K]
END

CARTESIAN VELOCITY COMPONENTS :

Option = Automatic with Value
U=0.00 [ms"1]
V=0.00[ms™1]
W=0.00 [ms"1]
END
END
END
END
SOLVER CONTROL :
CONVERGENCE CONTROL :
Maximum Number of Iterations = 500
Timescale Control = Auto Timescale
END
CONVERGENCE CRITERIA:
Residual Type = RMS
Residual Target = 1.E-10
END
ADVECTION SCHEME :
Option = Upwind
END
DYNAMIC MODEL CONTROL :
Global Dynamic Model Control = Yes
END
END
OUTPUT CONTROL :
END
END
COMMAND FILE :
Version=5.5.1
END
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+ +

| |

| Solver |

| |

+ +

| |

| CFX-5 Solver 5.5.1 |

| |

| Version 2002.05.29-23.00 Wed May 29 23:00:33 2002 |
|

| |

| Copyright 1996-2002 AEA Technology plc. |

+ +

| Job Information

Runmode:  serial run

Host computer: POLLY

Job started:  Sat Dec 27 15:39:54 2003

+ +

| Memory Usage Information |

+ +

Data Type Kwords Words/Node  Khytes Bytes/Node

Real 28228 61165 110264 244659
Integer 8212 17924 32311 71694
Character §721 1889 8516 1889
Logical 100 217 301 867
Double 160 347 150 27174

+ +

| Total Number of Nodes, Elements, and Faces |

+. +
T T

Domain Name : straightchim7m45deg2
Total Number of Nodes = 4615

Total Number of Elements = 17677
Total Number of Tetrahedrons = 17677
Total Number of Faces = 5970

+. +
T T

| Adaption Parameters |

+. +
T T
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Domains = straightchim7m45deg?2

Sub-domains = Attic

Sub-domains = Ceiling

Sub-domains = Default

Sub-domains = Floor

Adaption Variables = Pressure

Adaption Variables = Temperature

Adaption Variables = Velocity

Number of Adaption Steps =3

Number of Nodes = MultipleofinitialMesh

Multiple of Nodes =2

Adaption Criteria = SolutionVariation

Min Edge Length = 0.00132273

Allocation Parameter =0

Number of Adaption Levels =3

Adapting to Geometry = No

Save Intermediate Files = No

Max Its. per Step = 500

Type of Residual = RMSNormforResiduals

Target Residual = 0.9999997E-010

+ +

| Average Scale Information |

+ +

Domain Name : straightchim7m45deg2
Global Length = 2.2592E+00
Density = 1.1464E+00
Dynamic Viscosity = 1.8875E-05
Velocity =0.0000E+00
Thermal Conductivity = 2.6730E-02
Specific Heat Capacity at Constant Pressure = 1.0050E+03
Thermal Expansivity = 3.2470E-03
Pranat! Number = 7.0967E-01

+. +
T T

| The Equations Solved in This Calculation |

+. +
T T

Subsystem Name : Momentum and Mass
U-Mom
V-Mom
W-Mom
P-Mass
Subsystem Name : Heat Transfer
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H-Energy
CFD Solver started: Sat Dec 27 15:40:08 2003
+ +
| Convergence History
+ +

! Timescale Information !

' Equation |  Type | Timescale !

+ + + +

I'U-Mom | AutoTimescale | 9.30011E+04 !

I'V-Mom | Auto Timescale | 9.30011E+04 !

I'W-Mom | AutoTimescale | 9.300L1E+04 !

I P-Mass | AutoTimescale | 9.30011E+04 !

I'H-Energy | Auto Timescale | 9.30011E+04 !

OUTER LOOP ITERATION = 1 CPU SECONDS =2.01E+00

|  Equation | Rate|RMS Res| Max Res | Linear Solution |

+. + + +. + +
T T T T T T

| U-Mom 10.00]0.0E+00 | 0.0E400|  0.0E+00 OK|

| V-Mom |0.00] 0.0E+00|0.0E400|  0.0E+00 OK|

| W-Mom |0.00|0.0E+00|0.0E+00|  0.0E+00 OK|

| P-Mass 10,00 0.0E+00 | 0.0E+00| 8.8 0.0E+00 OK|

+ C— + ¥ ¥

| H-Energy 10.00|9.3E-04 6.6E-03 | 13.6 5.7E-02 OK|

+ C— + ¥ ¥

OUTER LOOP ITERATION = 2 CPU SECONDS = 1.07E+01

|  Equation  |Rate|RMS Res|Max Res| Linear Solution |

+ S— + + +
| U-Mom 10.00(23E-10]5.3-09|  LIE+06 F|

|V-Morm 0.00|L8E-02| L3E-01|  L7E-02 OK|
| W-Mom 10.00(5.4E-20| LOE-18|  LOE+15 *|
| P-Mass 10,00 6.0E-15 | 8.8E-14| 166 L6E+01 F|

+. + + +. + +
T T T T T T

|HEnergy  [14.10] 1.3E-02| 1.2E-01| 9.8 39E-02 OK|

+. + + +. + +
T T T T T T
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OUTER LOOP ITERATION = 2000 ( 500) CPU SECONDS = 2.32E+04 ( 7.83E+03)

|  Equation  |Rate|RMS Res|Max Res| Linear Solution |

+ S— + + +
| U-Mom | 101 1.9E-07| 24E-06|  5.6E-03 OK|
|V-Mom |115|29E-07| L5E-05|  6.4E-03 OK|
| W-Mom 10.99 | 2.2E-07| 2.6E-06|  2.9E-03 OK|
| P-Mass 10.97| 2.8E-08| LE-07| 88 14E-02 OK|
+ S— + + +
|H-Energy  |0.96] 9.3E-08| 3.1E-06 5.4 9.1E-03 OK
+ e +

CFD Solver finished: Sat Dec 27 22:33:01 2003
Execution terminating: maximum number of time-step iterations,
or maximum time has heen reached.

Boundary Flow and Total Source Term Summary

+. +
T T

| U-Mom \
+ +
Boundary : Ceilingl -1.1276E-04
Boundary : Floorl 6.6123E-05
Boundary  : Inlet -3.8201E-02
Boundary : Outlet 4.6325E-05
Boundary ~ : Syml -1.4798E+00
Boundary ~ : Sym2 4.5324E-17
Boundary : Default 7.5182E+00
Boundary : Ceiling2 -2.3207E-04
Boundary : Floor2 -1.7234E-05
Global Balance : -3.9212E-07
Global Imbalance, in %: 0.0000 %

| V-Mom \
Boundary : Ceilingl 2.3148E+00
Boundary : Floorl -2.5679E+00
Boundary  :Inlet L8L74E-07

Boundary : Outlet -1.6481E-02



Boundary ~ :Syml 1.2584E-07
Boundary  : Sym2 5.6096E-17
Boundary : Default 3.0288E+00
Boundary : Ceiling2 -4.5594E+00
Boundary : Floor2 3.8986E-01
Domain : straightchim7m45deg2 1.4702E+00
Global Balance : -0.5367E-07
Global Imbalance, in %: 0.0000 %

| W-Mom |
Boundary : Ceilingl -0.1970E-07
Boundary : Floorl -1.4256E-06
Boundary  :Inlet -4,0460E-08
Boundary : Outlet 2.6052E-07
Boundary ~ :Syml -1.8033E-08
Boundary ~ : Sym2 -8.3115E+401
Boundary ~ :Sym3 8.3115E+01
Boundary : Default -1.2367E-06
Boundary : Ceiling2 2.1217E-07
Boundary :Floor2 -1.6108E-07
Global Balance : 4.4377E-07
Global Imbalance, in %: 0.0000 %

| P-Mass |
Boundary  :Inlet 1.0469E-01
Boundary : Outlet -1.0469E-01
Global Balance : -2.9802E-08
Global Imbalance, in %: 0.0000 %

| H-Energy |
Boundary ~ : Inlet 3.2406E+04
Boundary : Outlet -3.3406E+04
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Sub-Domain  : Attic 9.9999E+02
Global Balance : -1.6479E-02
Global Imbalance, in %: 0.0000 %

Wall Force and Moment Summary

Note: Pressure integrals exclude the reference pressure. To include
it, set the expert parameter 'include pref in forces = t.

+ +
| Pressure Force On Walls |
+ +
X-Comp.  Y-Comp.  Z-Comp.
Ceilingl 2.6615E-07 -2.3148E+00 0.0000E+00
Floorl -1.7963E-08 2.5678E+00 3.2820E-12
Default -1.5178E+00 -3.0293E+00 1.6144E-10
Ceiling2 -4.8691E-07 4.5594E+00 0.0000E+00
Floor2 1.8865E-08 -3.8988E-01 -4.4343E-15

+. +
T T

| Viscous Force On Walls |

+ +
X-Comp.  Y-Comp.  Z-Comp.
Ceilingl 1.1249E-04 1.1258E-05 9.1970E-07
Floorl -6.6105E-05 1.5194E-05 14256E-06
Default -4.3997E-04 4.3517E-04 7.2366E-06
Ceiling2 2.3255E-04 8.3441E-06 -2.1217E-07
Floor2 1.7215E-05 1.3357E-05 1.6108E-07

+. +
T T

| Pressure Moment On Walls |

+. +
T T

X-Comp.  Y-Comp.  Z-Comp.

Ceilingl 2.8928E-01 3.3264E-08 -5.5476E+00
Floorl -3.2095E-01 -2.2652E-09 6.6573E+00
Default 3.7856E-01 -9.3965E-01 5.7618E+01
Ceiling2 -5.6981E-01 -6.0867E-08 1.0307E+01
Floor2 4.8641E-02 2.3593E-09 -1.0257E+00

+. +
T T

| Viscous Moment On Walls |

+. +
T T

X-Comp.  Y-Comp.  Z-Comp.
Ceilingl 39981E-06 1.3108E-05 -6.4753E-04



Floorl 2.0102E-06 -1.3014E-05 1.8743E-04
Default 1.0045E-05 -7.0151E-05 2.1877E-03
Ceiling2 -2.3083E-06 3.1421E-05 -1.3497E-03
Floor2 -1.2301E-06 1.2418E-06 -5.3472E-05

+ +

| Locations of Maximum Residuals |

+ +

| Equation | Node#| X | Y | Z |

| U-Mom | 2765 5.000E+00| 3.187E+00 | 0.000E+00 |
| V-Mom | 5]-2.296E-076.000E+00 | 2.500E-01 |

| W-Mom | 5428 |4.297E+00 | 6.108E+00 | 2.239E-01 |
| P-Mass | 175]3.516E+00 | 6.000E+00 | 0.000E+00 |
| H-Energy | 5]-2.296E-07]6.000E+00 | 2.500E-01 |

+ +

| Peak Values of Residuals |

+ +

|

Equation | Loop# | Peak Residual | Final Residual |

+ +
| U-Mom | 1| 553240E-03 | 1.91250E-07 |
| V-Mom | 1| 347782E-03 | 2.86917E-07 |
| W-Mom | 1| 152733E-03 | 2.16207E-07 |
| P-Mass | 1| L45309E-03 | 2.81429E-08 |
| H-Energy | 1] 3.34158E-04 | 9.29250E-08 |
+ +

| False Transient Information |

+ +

|

Equation | Type | ElapsedPseudo-Time |

+ ¥
| U-Mom | Auto | 6.69110E+02 |

| V-Mom | Auto | 6.69110E+02 |

| W-Mom | Auto | 6.69110E+02 |
| P-Mass | Auto | 6.69110E+02 |

| H-Energy | Auto | 6.69110E+02 |
+ ¥

Average Scale Information
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Domain Name : straightchim7m45deg2

Global Length =2.2592E+00
Density = 1.1464E+00
Dynamic Viscosity = 1.8875E-05
Velocity =5.1269E-01
Advection Time = 4.4066E+00
Reynolds Number = T.0349E+04

+. +
T T

| ERROR #002100004 has occurred in subroutine Out_Scales Flu. |

| Message: |

| The Reynolds number is outside of the range expected based on the |

| Option selected for the TURBULENCE MODEL. Check this setting, |
| the values of the properties, mesh scale, consistency of units |

| and solution values in the input file. Execution will proceed. |

+. +
T T

Thermal Conductivity = 2.6730E-02
Specific Heat Capacity at Constant Pressure = 1.0050E+03
Thermal Expansivity = 3.2470E-03
Pranat! Number = 7.0967E-01
Temperature Range = 1.6319E+01
Rayleigh Number = 1L.5691E+10
Buoyancy Time = 2.7260E+00

+ +

| Variahle Range Information |

+ +

Domain Name : straightchim7m45deg2

+ +

| Variable Name | min | max |

+ +

| Velocity u [-1.18E+00| L.12E+00|

| Velocity v |-4.54E-01| 1.66E+00 |

| Velocity w |-1.67E-01 | 1.39E-01 |

| Pressure |-4.11E+00 | 2.77E-04 |

| Density | 1.15E+00| 1.15E+00 |

| Dynamic Viscosity | 1.89E-05| 1.89E-05 |

| Specific Heat Capacity at Constant Pressure| 1.00E+03 | 1.00E+03 |

| Thermal Conductivity | 2.67E-02| 2.67E-02 |

| Thermal Expansivity | 3.25E-03| 3.25E-03 |

| Temperature | 3.08E+02 | 3.24E+02 |

| Static Enthalpy | 3.10E+05| 3.26E+05|

+. +
T T
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+ +
| CPU Requirements of Numerical Solution |
+ +

Subsystem Name Discretization  Linear Solution

(secs. Ytotal) (secs. Y6total)

Momentum and Mass 4.86E+03 67.3% 7.51E+02 10.4 %
Heat Transfer 1.32E+03 182% 2.93E+02 4.1%

Summary 6.17E+03 855%  L1.04E+03 14.5%

+. +
T T

| Job Information |
Host computer: POLLY
Job finished: Sat Dec 27 22:33:15 2003
Total CPU time: 7.848E+03 seconds

or( 00 2 10: 48045)

( Days: Hours: Minutes: Seconds)

End of solution stage.
This run of the CFX-5 Solver has finished.
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