\N

&

BB A BT
2 K 3Rk

iy

£ 3% 1 NSC 89-TPC-7-009-001
$ATeER 88 £ 08 B0l AEBOAE0THAIL B
HEXHA L F4



FEREEEHELEE ¢

BFEEAHAMAERHRESEARNE

TR AR R SR
Study on the ventilation system
of generating station

TERAIFTA



TXH R

Waese B EE BEAAK  —RILRIRAE

A EERALETRZAYS BEFUAAA —Afbmnx
RESO T HEY  He BB FRANREARNREMAHL
BE  BURFRRAAINHREDIHBEEATLEANES
.}i o

AHEERRAEGHEASH A TR T L - HEER
ZRRAR  BRESA AL IR ESEIT SN EMR S
CO, ZRENHER U IS TRETRN N2
CEENRRREEN AR c £a Lileh o 0 RAHE
EPEE A BT R RAERORE » AR AR E

l

ok
!
\

w3
iy
"

At

b

[3¥]

i
s

i

Pl
4
&

Baymatt
BT RPN R U RE BB ARE S
AIPHAEAZEY » L STAR-CD 2 #B R EATHER S - 5
AR BROBESHLERESARFERE RO ME
BAEMWNERILR EHIERE  FAFXRERTRES 20 4T
EABAESERE » ECORAETREEAREEREFRA -



ABSTRACT

Keywords: Generating station -~ Ventilation system + CO, concentration

The distribution of the airflow field, temperature field and CO,
concentration field of the inside of the generating station will directly
influence the safety and the health of the people working in the
generating station. Hence, it i1s very important to design a good
ventilation system that has high performance in the inside of the
generating station.

The purpose of this project is that: develop the theoretical model
and computer simulation method to analyze the airflow field,
temperature field and concentration field and to determine the high
concentration zone of CO, Finally, we present the optimum design of
ventilation system and the best inlet velocity to assure the safety of the
workers.

The results show that the inlet temperature distribution is more
important than its velocity distribution. According to the optimal
design, even 20 persons at generation room, the concentration of

carbon dioxide does not make workers uncomfortable.
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Renormalization Group(RNG) k-¢ model * # E X & s F 2 A
(Governing Equations) %2 & F 82K - HEF LKL £ EFFRA - F
B AE BOR IRAL L E 67 4 8 F 42 A (Transport Equations) ©
i 2 7 A

MGG TRATEG TG 2B & 72

b bl Vil D
—+o—{(u®)=—{(T )+ 8§
2 P .OE (u,D) ; { > )+ (1)

? i i

EYTRIAX Y -ZZ@RAFE >t A p AAREE » ©
BFFAMEEFTRATHEESH TABRHUGH - SAHRE - R
RIGRBE - T TRERARAREKELS  MESHRTRA RS
it 8k 5 # X (Continuity Equation)
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— =0 1=1,2,3 (2)
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¥ £ Momentum Equation)
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I

,)=1,2,3 (3)
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~
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¥ £ % (Energy Equation)
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Sm < x < 6m

4m < y < S5m
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#RO T

Sm £ X < 6m

6bm < y < 7m

z=4m
RTS8

Sm < x < 6m
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Jm < vy
Om < z
HE S 2
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w48 R o
HEo
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HE o 3
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3Jm < y
Om < z
HED 4
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m < 3m
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2-5 FHuist A,

BRTRTHAEOMEFGEERATHS TG £—BF44E
LFRIEMARBGLE AARSEHEF L REALETRAESB
T T s B AL A 0 B P 3ty Ao i 818745 2 Fv - Reynolds [6]8p
VAL SN Navier-Stokes F X - BREFH T34 > KEBTERF
# F 39 42 2, (Reynolds Averaged Equation) :

P, 9
i,j=1.23  (5)

B 4mam A 4 8518 T 3% B /1 (Reynolds Stress)pw, » ik Ak
FRABERIPDEHEBHRE FREA0BRE 2 Er
RARZBARABA T QZEE Y FRER) > FFREAT B R % H(T
HBASZBPFHFRERBELERNHER - BT EEEMENHE
BRERMBRRBEAGIIA -

SNEEREFMUNFTREAIE A CHF S XTRAHTRE
NAEALE BXEBT 5 B=Z#ALE  EF £ A H K (One Equation
Model) % 7 2 & # & (Two Equations Model) & & 7 # & (Stress
Equation Model) - A FRE AL X F @ FRAAEEREF Gz
BB TR BFGERAERT ERF A K AT HE AR
HE-

Jones #o Launder 21]|A R B &1 Ek—e X 2 F B AP AW
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BAZ - Rr@R A DXZENFF AR T A 2% 5 F21
BEABEEMES BB REk-eB LB RBFEN TSR AL
A-BENEEAUNSERRATRABUR DA ESHTHSZY
RN LEAARE SHELBERED  WTHRELEA LRGP
AEBBERGERY -HRENREANERERY A L ES
AE B PR SRR BRI ER AR AR TR H
AP 18 F 8 /7 24 Boussinesq B IR[23] R & F

——

du; Ou, z( au]
— Py = gy 4k —= == pk+u S (6)
/ [E?x ax] 3 Tox, ) Y

EHEXFTFREFGEAE  AFABEHBEHERRTHE

2
- pC, ™

E#C,=0085 B ASMBEATAGEAEKBERFR2AL

b5, 5] o £ 3
—Apuel=—Va u., —1+C, Z{us 1-C. G
x #) x,( e 6x,]+ lak[' " 2 b]

g C,plSkle) (1-Skjen,) g2
_C”p-}c__ 1+7,(Sk/e) & ©)

HP @ ¥3C, ~Cyp ~Coo oMo M 7515 142~ 1.68~0.2~4.38
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& 0.012; R # fefe TR M E L Prandtl number ¢9#/ #H o, - o,
TH B 1393 MPYERERESHFHAAG, Mo s

o7
Gp = fgiapp —— (11)

ox;

2+ FAe 2 Prandtl number 898 E ap & 1115 AEEATEE
LB RE Fo & R E fE(Potential Energy)Pieg M, - A& T A B

BEHREwEERLT » Gy A% A — ERIIB(Sink Term) » 43 F
R R -
2-6 A % #(Wall Function)

HREFRAHERTEDERAYIETRE SR BRI £
Bk PAEMBERGRABREGNERRMA - Bk AXBAZLE
(Wall Function) R4 R 2 &g RerBE  REEASFUBIHEKR
BEENHHFN SHEFREERD T EGFE  ETHRRBENEL -

HEBODHARAGTrAZRREGHE R F5H K B (Viscous
Sublayer) - i& & & (Buffer Zone)#» % 4 % % A& (Fully Turbulent Layer) -
LAHMERER  BHRBERLETRAZERFAE RZ > A%D
AEY  EMTBRAMNERREER - BREHEEMARAMBERE
RERRFRAGARMAERP RS FTAESHBEERR AXL EBER
BE BHHRE - AEHEE 2R ERU TR T

. u{cj,/4k’f2)

yte A (12)
TwpP



P ,"' -'
}’* EM (13)

V

. (T-1,)cl )
B (qwf‘,pcp )

(14)

ERVARMARAZ LT ARMY S REBEAFEZEGaRE + £
B4 % 11.6) » Bl SHATH i T

. y* y*<y5
ui=1{ N L. (15)
;IH(E}’ ) y >y

ny* y*<y5
T*z . Pr * " (16)
olu +f| — Y >
Ty
T
g =—_# (17)
Ky

H 4 Von Karman % # « % 0.4187 : W & Jayatilleke 2 X[24] % £
AP f(pr/‘jt)ﬁ-7 :

f[%] 59,24{(.}]“5 - 1} {1 +o.28exp[—o.007(%ﬂ} (18)

fG % 2 » Launder fv Spalding[25] & Mk FHE R B e B8 L3 1974
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ERE-HAARBUABIEGLASORLRTRIZERFRE
ARz BE R A KBS A RS A — SR RIRRG 0 BP
I 4785 & 4 3k B VT o U1 KR # 30% B (Logarithmic Law of Wall)#4 i - i
BB TREIRATE - AHERTZERGRE LR FENRE
HME BER ST BRI R TR B A RIS

g1t -
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=% MKk
3-1 STAR-CD ## 5§ +

AX ¥ o) S EEER S 0 77 £ F] A CDL(Computational Dynamics
Limited) 2> 5) % & % 48 STAR-CD £ £ ## - £+ STAR 2 AR
g # Simulation of Turbulent flow in Arbitrary Regions Z 4 % m R »
CD B % CDL 28 £ 2R & - R hRBEFFFEELRA
HEERBEAA R EERAeRELS » X4 5 A bl
B W OIH & - STAR-CD #9 X 2EMJ/S A =@y ATRE
FAGEL IR BB REFEHITEE) BAERIL O
HRERESNN(HEAEERABEBEIHE) - A LA ZFHETL
CAE(Computer Aided Engineering)g 38 1 & F 4% 4% -

STAR-CD T #f ey FIA LR ~ T ~ TR&EH ~ FTREE
o B ARHEEE BRI - ARAGIE  IRERIUUE
SR MRS ~ R4 RIS - ERUE R TREUS S 1L
BRERG BEXYEIG - SAMNERGREBHAFF - A
EuamFRARTARANEG A - HETEX - RETRARE
EhRAs EH LS MBARARS AHEHERATHESRL
po AR 0 U EE X SRR G A -

B ARMETES @ A MEAETER LA £ 24 (Upwind
Differencing) + ¥ P £ 4% (Central differencing) » LUD(Linear Upwind
Differencing) » SFCD(Self-filtered Central Differencing) ~ BD(Blended
Differencing) » QUICK(Quadratic Upstream Interpolation of Convective
Kinematics) » Gamema % £ 77k » ik Ao B A LA % 22 X 8= A
SIMPLE - SIMPISO ~ PISO %8 E 58] - 2R ERAGSHEXAT LR
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#k-g ~RNG k—gfv Chen’s k-e B X %8 F - A PETHALER
#6 % 4 B T $t(Two-Layer Function) £ 22 E A R AR -

M TREREAREM S EHEA Y HHERZN  STARCD £4
B Ay 0 AT 3% K 69 JE 442 @8 (Unstructured Meshes) s 32
e - FERR BRAFTHAREMKHEB R HHEIHKA
ey BT - AR it 0 HEH - F £ 4 CAD(Computer Aided
Design)/CAE % #.i& 4 - T4 5F R B) & 404732 3L 58 AR 6945 B i A o1
B GaEEENR AL AR T HREBTHERR -

3-2 SIMPLE % Xk /|

HERIERTREAEAS 2 AR Navier-Stokes F#2 K » &
Patankar #v Spalding [26]#F 2 & &9 SIMPLE(Semi-Implicit Method for
Pressure-Linked Equation)i# H % > Al 2 B & LR AN T ik -
Navier-Stokes 7 2 X B CETURERELE X 7o LS EFTR
A&

aeue=zanbunb+b+(pP_pE)Ae (19)

R TR BDRAZAAFLABB PARAMKK
ey s EALEAMBHED  cARRELNPRE
o EHGHOEZHERABYD o M Tau, R A # ks
BE B ROES bDEARA RELAMN ARAEE
HHEBTHaGH  ~BFR Y ZFaeg KA

ApVy = 2,8V T B+ (pPp - Pn A, {20a)

a,w, :zanbwnb+b+(pP_PT]Ar (20b)
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B 3% p=p +o,p £ Fp AR E N (Estimated
Pressure) & p'# 14 £ & 77 (Pressure Correction) » f o, % &
A1 % % B F (Under-Relaxation Factor of Pressure) » & # p”

HeyFE MG ALRRGREHBME U v s w e BT

}_?\
u=u +ou' (21a)
v=v oy (21b)
w=w +aw (21c)

EPofl bR ERBE T - 2R LBALERXACY - (21)
K TAF

Bty = 9 Apptiny +b+(pp ~ P4, (22)
anv; = Zanbv;b +b+(p; _p;\f )An (23)
a,w; =Y auWes +b+(pp— pr)d (24)

QDR KK T #
aeuer = Zanbunb' +(pP’ —pEr)Ae (25)

= Yapuy, B #



. A ' ¥
Ue =t +—=(pp — pr ) (26a)

|3

% An ' r
Va Vet ——(pp =Py ) (26b)
* A ' [
W =)+ pp - pr) (26¢)
f

FHRELERZXNZ2BRERARANEZR 2R 0 BT 242 7
— B AHBEFEZERX

? ’ ] * ’ r

ApPp =GrPr *Yawpw +taypy +asgpg tarpr +agpg +b (27a)

£ ¥
ap =dg +ay +ay +ag +ar +ag (27b)
ag = pd,AyAz (27¢)
ay = p,d, Aydz (27d)
ay = pP,d,AzAx (27¢)
ag = ped Azdx (27f)
ar = p,d, AxAy (27g)

ag = ppd,Axdy (27h)
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1. B — @& B H@p

28022 CHX=ZBEHEEFRALE L

v

3. Bp' & A

4. B Bp=p +p > T# p

5. 8(26)X, » THu-~v-wx i

6 HABZpERD AT U EFRAE 255

HERHE -

SIMPLE ¥ ¥ f% 4 (Semi-Implicit) F 8 7# A R 2w T
Yagpup b A MK R AR T E -~ EHARERNE RSN
BB AGERE G F o) B A5 E I T ol oL 8 i
RE CELTERGSAKBORESE - b2 ob g 5ok
T2 LBEORE MR EEAEEEMEMESLTEM -
TR —BMET BB EMEARB S ERFTEROERLE
£ - EBRERELED T FHh - RBRERXFTZ2pH K
MEEB AUAEMELPIRAABRTRBABE K
B kR o
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il g ey R g o AR THMGRE £ STAR-CD s 5 £ 04
. R AR ABEREENGE FBEXERHRAL
AT TUREELSHEFARAGERATRAEMNA
P 42 ©

3-3 R % 4 # (Upwind Differencing)

FEEBEE LI BEERGRMSFTREAT RESFTH
£ P47 #% & 48 BA K MR 7t % sk (Finite Element Method) & % Mk £ 7%
(Finite Difference Method)# i /7% S5 K - — R > £t HRAES
g EEAAERESE MAEFRESETARAHEL
(Interpolation Method)# # 7 FB] &4 38 Al 14 B A& #£85 « #]%0 CD R LUD
3 B oA b b B £ Sk i 5 Ry &) 4% Bf 3% £ A (Truncation Error, TE.) » {2
AEMBERGELERTONERMENAGREL A% BD 297k
AEEERAE AAEEE-E¥ AR SR M Gamma £ 57k
B REHNS TR KRN E SELBZT  RUEH LA
£k B EROBEEL -

2
d——q-i-a(x)%g = ¢{x) (28)
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ERBHE_BEHI TR LT ENEERGHRREFEFLLE
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~mEms TR CBAMAEERL T —EE R4 T MBEET X
BE M T v bR E T 3548 2 69 F 1% B (Weighting Factor)/& 3% 8 %
BALGEE  BWTHERFEREH T LREE - RESEAR
B ERMARE X A B0 HRARURRAELES
(Backward Difference) f ##11b B R b EHRFATE-X T A#H
(a > O)e% » #7078 B & 4% A AT £ 4(Forward Difference) R & #41k - A7
BRI E TR B T HAR

aw Oy —apbp +agbp =ag (29)

|-z i z20
aw"{ I 20 (30)

i if z=<0
aEh{]+z if z>0 (31)
ap=aW+aE (32)
ag = c(4x)’ (33)

ddz=aAx BT W-P-E-R4oMABE - RAENKK R
SRFRANEFE  wRRHELE QAN BEELRBBHEME > &
BRASEERFIERBRCHEAED - HR=0nHR GDKX
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-z if z<0 .
) = 34
W { ! if z>0 (342)
f if z<0
= 34b
“E {z i z>0 (340)

FRARR  CHAOFERBAH LR ENTE S MENEE R
FHEEGHAN R B #E 4 %2 LR A (Fully Upwind Differencing) -

{BF 8% + T 5 Peclet #(Grid Pelect Number=aAx )& &
RS A LEGERA RIS A PRIEZSEHD
1% %5 Peclet # % #4965 » R B 1R IF &G ARATAE /7 - Spalding [30]E %
Ao mBB A ENEMHES  BET RS Z % % (Hybrid
Differencing)« & TH EH EM T A L& > LHhAE|Z<28 8 P 1
Enck mAl>2BEARLERE -

3-4 AR

AXFERAEABBGYEABR AEENE -FRIAZRE S
¥ R FARRE  RERSEEZHAEAE 107 S
#1000 % o R B 123 & £2 X Bl 4% R F) iE #,.1t B -F(Normalisation Factor)
RE &K ERICEY R £ B F(Normalised Absolute Residual Sum) » 4o
#3-1 AR o AEER T B Py 2 A sH ¥ E sk
R LA T 8938 -

fi L& P o SIMPLE & BBl 2 il & F &Y BUR » THRETH P
bIEATHUNTAMHAE EEXRALLAREFTRANGEST
R #HEAANEEAT AIRAZSLE STELE - FRNERR
4 > STAR-CD #BHW ¥ EH TR ENB L EARBE K TLY
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REY Y SR ATHARBRRAEAD R ;. AREADH

mn

FBRE BTRAAEERBORERAFFRAZMy » LA KAE
#:

¢F <y (37)
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AR T L BB EN B ¥ L AS B TR TR A IE 53
AERRAELRAOLMPAPGHX » RXHEBANH LI & - Kato
FABNE AR = ZHEATEE  UADRE Im/s R
ERAGT G BRASTEMTREFNOME AR THAR FivH
3-2 77 o ) Chung EADB2 A ABMBHBANL CO, ABZ A » 2
A GEAMEE SR I HEBRER  BHATARAMERR
BRI E  RAMBAUR T 3-3 T « AUR4HEH
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BETRX (UVOW N =y v ewE)
FABETER | K [Mo=Zn]+5] + )
FIRABTE A £ M= Mk
5 (LY Vaom)
EETRX H M, =, [CT +zCH] =h,,
or " 1
My, = max{(hy, —hper ) (Hoye = hiee )}
BE AR Ci Mc_m%gmhﬁmc}
& [ LABRER
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% 3-2 B Kato S AR =@ Ea bt

CPUESR | §EEHLBYHB L
(SEC.) QFinal
25%x19%15 2.97E+3 1.63E-3
50x38x15 6.08E+3 8.72E-4
75%x50% 30 3.35E+4 9.14E-4

% 3-3 %% Chung % A[32])Z w9 A 4% 55 48 A tE %

CPU KR | FEEMBRHE LA
(SEC.) CFina]
20x10x10 623.45 2.31E-3
40x20x15 6049.56 6.92E-4
80x40x 30 76,425.09 3.34E-5
80x50x 40 115,084.50 2.79E-5
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VELOCITY MAGNITUDE
S

LCCAL MX= 1236
LOCAL MN= C.45942-32
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VELOCITY WAGNITUDE

MIS
Lol M 3761
LOCAL W= 0.3B18E-02
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VELOCITY MAGNITUDE
WS

LOCAL Mx<= 2424
LOCAL MN= D.4543E-02
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VELOCITY MAGNITUDE
MfS

LOCAL Mx= 1793
LOCAL hN= 33822E-02
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VELOCITY MAGNITUDE
MIS

LOCAL MX= 1374
LOCAL MN= 0000
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VELOCITY MAGNITUDE
MES

LOCAL MX= 3174
LOCAL MW= 0000
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TEMPERATURE
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LOCAL Mx= 2504
LOCAL MN= 2361
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VYELOCITY MAGHNITUDE
M/S

LOCAL Mx= 2025
LOCAL Miv= 0000
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LOCAL tix= 2475
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VELOCITY MAGNITUDE
WIS

LOCAL Mx= 1451
LOCAL wN= 0000
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YELOCITY MAGNITUDE
MS

LOCAL = 1784
LOCAL MN= 0000
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LOCAL Mx-~ 25.04
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VELDCITY MAGHITUDE

bl
LOCAL WMx= 1233
LoCAL Mi= Q.

1773E-02
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VELOCITY MAGNITUDE
MYS

LOCAL Mx= 2778
LOCAL MN= 0.5380E-DZ
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LOCAL hx= 2439
LOCAL M= 2304
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VELOCITY MAGNITUDE
M3

LOCAL Mx= 2337
LOCAL MN= 02747£-0Z
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YELOCITY MAGNITUCE
M5

LOCAL hn= 1632
LOCAL M= 0.2338E-02
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LOCAL hMx= 24,50
LOCAL MN= 23.37
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VELOCITY MAGNITUDE
h/S

LOCAL Mx= 1288
LOCAL W= 0.3205E-02

[ I A T - b e W b §
T S ) )
Ii_li'; f‘:«t;f».gi_,.u..n._,_-.m.,..-_a.-,n..,._.ﬂ,_._,,.,.._._-\ P

r .

"‘[i_i"f’.'vrf.»-..-.__-,..~‘ ' P S L

H * +

| T S T IR S T O s, PR S T A |

v Fos kb [ L.

P I T S O T TR TPUR AR I O

Loy oW 1)

?1‘&\:'—;‘13&,*\2 L PO I '
[ L AL S R

[ GRS AP LR 4 P T T i [ A

T L L

I T AP, [N I ] ' v L B N

i L

VP ¢ e oror o . . or bt L

T!' T I A ) .. - (O

rl!,. LI I R ] F— P L

T v - T F T . T e

‘..... DR S T T L

L L T | L

\,,,--xsn-to--..q.--u-..--o.-.a

-

TEMPERATURE
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LOCAL hN= 2338

24.73
24.63
24.53
24.44
24 34
24.25
24.15
24.05
23.96
Z3.66
23,76
23.67
2d.57
2347
2338

z

o

B4-16(e) iZE# 44 (2mx1lmx2m) & EHREHEL y=9.5m # &
BEGMERIEGE

192



VELOCITY MAGNITUDE
/S

LOCAL MX= 3134
LOCAL tdN= 0.3214E-02
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LOCAL MX= 2473
LOCAL MN= 23.28
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\,:FSLouW MAGINTUDE
LOCAL MX= 1531
LOCAL MN= 0.1780E-C2
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LOCAL Mx= 2412
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LOCAL Mx= 1272
LOCAL W= 0.2338E-02
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CELSIUS

LOCAL Mr= 23.88
LOCAL MN= 2333
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TEMPERATURE
RELATIVE
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LOCAL Mx= 2443
LOCAL MN= 23,19
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sC1-Coz

LOCAL M= 0.E5E7E-02
LCCAL kM= C.46225-03
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LOCAL iKX= 0.5597E-03
LOCAL hAN= 0.4B55E-02
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0.5439E-03
0.5385E-03
D.5332E-03
0.5279E-03
0.52Z6E-03
D9173E-03
1.5120E-03
0.5067E-33
0.5G14E-03
0.4951E- 03
0.4908E-03
DAB35EE-D3

£
s

Bd-17 FTEHITHENFRMIAEABFZ AR @R EBNE
(a)Y=2.5m (b)Y=3.5m

197



LOCAL M¥= 06043E~97
LOCAL WN= 099335 -17
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SC 1-Coe

LOCAL MvX=08210E-03
LOCAL MN= 0.48E8E-C2
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LOCAL MN= 0.4764E-03
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DIdsg-z
D12E3E-12
0112 E-n2
010Z9E-02
0.S4EGE- 03
0£543E-03
0 7621E-93
0 BE3SE-D03
05277E-03
04855E-03
0.3933E-r3

5C 1-CCe

LOCAL M¥= 057ESE~L7
LOCAL M= 0.4G90E -¢3

(L57BSE-02
0.53B3E-07
0.5000E-07
04B13E-07
0.4235€-07
0.3852E- 07
0.3470E-02
D.3087E- 02
B.2705E-07
0.232FE- G2
0193%E-02
0.1557E-132
01174E-07
0.7916E-03
0.4020£-03

L

TRIERENE e T A B 52 R ) 8% R R R L8

(a)Y=2.5m (b)Y=3.5m
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8C 1002

LOCAL hix= 0 5802E-0%
LOoCAL b= 3.472EE~0Z

0 SEN9e-0¢
0 5d28E-02
0.5047E~D2
04EBRE-D2
0.4263E-02
03904E-02
0.3523E-02
Ch4ze-cz

BiE-Lz

016" 6E-02
01z37E-02
DESSYE-03
0474EE-103

LH

ST -0z

LOCAL MX= 0.1302E-D2
LOCAL MN= 0.3064E-03

0.1302E-02
0YZ31E-02
01 RAE-n2
9.1084k-02
0 aR-02
0 94BEE- D3
0.8755E-03
0 E044E- D%
17332E-~ 03
JBE21E- D3
0.5805E- 03
05183E~03
GA4B7E~03
VATISE-Q3
0.20654E-93

£l
i
f—?

4-22 TEREHFEABFT RIS ARRTZRES R ALENRE
(a)Y=6.5m (b)Y=9 5m



SC 1-C0g

LOCAL Mx= Ca731E-0z
LOCAL MN= 0.3063E-C3

D9731E-03
J.9235E-03
0 BY7GE-02
0 R30ZE-D3
0.7E2BE-03
0.7345%E-G3
0.E6ATIE-0D3
0.6337E-03
0.59212-03
0.5404E-03
G.A96GE- 03
0.449¢E- 02
04015E-03
D G533E-03
0.3Z63E-03

L

SC 1-C02

LOCAL Mx= 0.736JE-G7
LOCAL MN= C.5BESE-03

0.7360E-07
0.6876E-02
0.6337E-02
0 S90BE-02
0.5425E- 02
04541E-02
0.4457E- 02
0.3973E-02
0.3463E-02
0.3006E-C2
neseze-02

0.2038E-02
0.1S54E-02
01079E-02
0.5865E-03

L

B4-23 EERIZEHNEAF AR IEARBZARADELZEKE
(a)X=0.1m (b)X=2.5m



sC 1-C02

LOCAL nx= 0.7746E-02
LOCAL MN= 0.3274E-03

07746E-02
4.7216E-02
0.6ER6E-02
0.6156E-02
0.9626£-02
0.5096E-02
0.4568E-02
D 403BE-D2
0.3507E-02
02377e-02
0.2447E-02
0.1917e-02
0.1397E-02
0.8573E-03
0.3274E-03

Y

L

B4-24 EREWNERNFAHIFARRFLE Z=135m & &
RETERE




REF HBRER

A EGHREEREVEARG RBESRBEESZTHER
EAFLEE A KNG BAY  BORESESASCEREN &
HIEABFERARSN - A dBERERT N 0 T H R
HERBE A R EILIREE -

ARREBERLIHRFARGFRLBRFODE - TRHEE
BILE  ANORERDN - AURBESE ACHENSE D - o

ﬁﬁﬁi B él] ’fbfu‘jﬂt%J"f_bk %: N _é_f}t#;i T)\Uﬁ"ﬁ‘iﬁm Y

B HE ARETRNRESHASERARATEY - BT RN
FUBE R BRI BESRE RELAFRELHH

BAELUOLKAT TEAB B RM &8 CO, REHEMEN » #
MAXEEHARAL VY - GBHAMBRLER > TURH LT
W

1 EATRES 0.05m/s B 02m/s X HIEHEFRNBETHERE K
K4t HIBAE A 23°CH 24CH « EATEE 02mis R FNRE
26 52608 EEE AURE Olm/is B 13 5 13 HER
MA—R AADRE 00Sm/s B3A 8 4 53 F ATRE B 0.2ms

A 69408 EFEHRAEREZEZT > K 01m's 4 LE] 0.2m/s

TARFZHRAE  EXHFBERBEAFELT > A0#RE 0lm/s



B E eyt iRdE -

i

2R ORAE S 200C ~23°C 25T HE  BFRAUEBEAY

FERNBATHERGR% - EATRES 200K 25CH» £/
BESHLERBETI AR REMBL - MAATBE 23THRR
TEASE

3 AERAEBEANRT  RAVHRERS I TABETNABRA

q

ERGERA R SRS  RPRRAUENARIKET AT
ELRUEREHZHERNAFRANY  BELES - IBEAD
RERCHDEMAGREA VBRSSP EL RO BA D
FHEREL THRRGEE AR SFATIEI L - Mk
RAOBBQZEARELHE  FHBHARN AR T2
B R O A R 2 et -

4 aHE 0 BHELAHRT > HSEEA D —EHE T R wEER

TR REMR MERAOAERACARTREN L EHERY

5. Ej?%‘]%é‘@%ﬂ‘?’ ’ fLUl."S:: E—@iﬁﬁﬁﬁkéﬁ%/ @’5 ’ ﬁ_fg{ﬁ
LEGRRERTNBENHLEEB AL AR TR E N
ERNEREFCHENIEAB A AN SE -

6. 5RE U FREEFI X REIERH  AEFHENRERL TEAR

206



el CO, pHAeHEFERNARMMEE & CO,RE®

S

>

$ R & 4R Paguy CO, 1 R 350ppm £ % » K E B
# AR W[ eE 4% TAEA 8 é?%’%ﬂjﬁ@%g’%*l@ o LI T A
A0 AEHGHECORE MM EHARNT @EFES

35 5 700ppm ¢ 45— A& B FFRA 1000ppm ZF -



£ UK

1.

I-2

(e

NHSFERATPAEGR "HoREETNEALETATHR
W BB A", 1998.
NENEEREMERR "HORRENZETRLE(CO,
CO ~ PM, )2 &1 37, 1997.

Hirt C. W. and Cook J. L., “Calculation three-dimensional flows

1

around structures and over rough terrain.,” Journal of
Computational Physics 10, 1972

Brown W. G. and Solvason K. R., “Natural convection through
rectangular openings in partitions.,” Int. J. Heat Mass Transfer,
Vol. 5, pp. 859-868, 1962.

Chen Q. and Van Der Kooi J., “A methodology for indoor
airflow computations and energy analysis for a displacement
ventilation system.,” Energy and Buildings, Vol. 14, pp. 259-
271, 1990.

Reynolds, O., “On the dynamical theory of incompressible
viscous fluids and the determination of the criterion,”
Philosophical Transaction, Part A, Vol. 186, 1895.

Murakami, S., Kato, S§. and Suyama, Y., “Numerical and
experimental study on turbulent diffusion fields in conventional
flow type clean rooms,” ASHARE Transactions, vol.95, no.2,
pp.469-493, 1988.

Garrison, R., Nabar P. N. and Erig, M., “Ventilation to elimate

oxygen deficiency in a confined space-part I: A cubical

models,” Appl. Ind. Hyg. Vol.4, pp.1-11, 1989.

208



11.

12.

13.

14,

15.

16.

Garrison, R., Nabar P. N. and Erig, M., “Ventilation to elimate
oxygen deficiency in a confined space-part II: noncubical
models,” Appl. Ind. Hyg. Vol.4, pp.260-268, 1989.

Garrison, R., Nabar P. N. and Erig, M., “Ventilation to elimate
oxygen deficiency in a confined space-part III: heavier-than-air
characteristics,” Appl. Occup. Environ. Hvg. Vol.6, pp.131-140,
1991,

Maldonado, E. B. and Woods, J. E.. “A method to select

locations for indoor air quality sampling,” Building amd
Environment, vol.18, no.4, pp.171-180, 1983.

Kuehn, T. H., and Thomas, H., “Computer stmulation of airflow
and particle transport in cleanrooms” Journal of Environmental
Sciences, Vol.31, No.5, pp.21-27, 1998.

Kuehn, T. H., Marple, V. A, Han, H., and Liu, D., “Comparison of
measured and predicted airflow patterns in a clean room,”
Proceedings-Institute of Environmental Sciences, Vol.98, No.Z,
pp.331-336, 1998,

Fuyjita, Tsutomu., Sueda, Akira., Ura, Hitoshi., Shiraishi, Takeshi.,
“Airflow fields in line-type clearnroom,” Kawasaki Steel
Technical Report., no.29, Nov pp.§3-99,1993.

Egon, Lang., Beat, Kegel., Sulzer, Brothers Limited,,
“Optimization of air flow patterns in cleanroom by 3-D numerical
simulation,” International Committee of Contamination Control

Societies, no.1, vol.1, pp.48-56, 1994,

Nishioka, T. and Xie, G., “Studies on the flow in a full
downflow cleanroom and the ceiling chamber configuration,”

The Future Practice of Contamination Control, veol.3, no.l,

209



17.

18.

20.

21.

23.

24,

pp.23-28, 1992,

Awbi, H. B., “Energy efficient room air distribution,” Renewable
Energy, vol.15, pp.293-299, 1998.

Bearg, D. W., “Improving indoor air quality through the use of
continual multipoint monitoring of carbon dioxide and dew point,”
AM. IND. HYG. ASSOC. J., vol.59, no.9, pp.636-641,1998.
Weathers J. W. and Spitler, “A comparative study of room airflow:
Numerical prediction using computational fluid dynamics and
full-scale experimental measurement.,” ASHRAE Transactions,
1992,

Chen Q. and Van Der Koot J., “A methodology for indoor airflow
computations and energy analysis for a displacement ventilation

system.,” Energy and Buildings, Vol. 14, pp. 259-271, 1990b.
Jones, W. P, and Launder, B. E., “The prediction of

laminarization with a two-equation model of turbulence,” Int.

J. Heat Mass Transfer, Vol. 15, pp.301-314, 1972.
Orszag, S. A., Yakhot, V., and Flannery, W. S,

“Renormalization  group modeling and  turbulence

simulations,” Near Wall Turbulent Flows : Proceedings of the

International Conference on Near-Wall Turbulent Flows, pp.

1031-1046, Elsevier, Amsterdam, 1993.

Hinze, J. O., Turbulence, McGraw-Hill Publishing Co., New
York, 1975.

Lu, W, Howarth, A. T. and Jeary, A. P., “Prediction of airflow
and temperature field in a room with convection heat source,”
Building and Environment, Vol. 32, No. 6, pp. 541-550, 1997.

Lauder, B. E. and Spalding, D. B., “The numerical



27.

29,

30.

31.

33.

computation of turbulent flows,” Computer Methods in
Applied Mechanics and Engineering, Vol. 3, pp. 269-289,
1974.

Patankar, S. V. and Spalding, D. B., “A calculation procedure
for heat, mass and momentum transfer in three-dimensional
parabolic flows,” Int. J. Heat Mass Transfer, Vol. 15, pp. 1787-
1806, 1972.

Patankar, S. V., “A calculation procedure for two-dimensional
elliptic situations,” Numer. Heat Transfer, Vol .4, pp. 409-425,
1981.

Van Doormal, J. P., and Rairhby, G. D., "Enhancements of the
SIMPLE method for predicting incompressible fluid flows,”
Numer. Heat Transfer, Vol. 7, pp. 147-163, 1984.

Issa, R. 1., “Solution of the implicitly discretised fluid flow
equations by operator-splitting,” Journal of Computational
Physics, Vol. 62, pp. 40-65, 1985,

Spalding, D. B., *A novel finite-difference formulation for
differential expressions involving both first and second
derivatives,” Int. J. Numer. Methods Eng., Vol. 4, pp. 551-559,
1972.

Kato, 8., and Murakami, S., “New ventilation efficiency scales
based on spatial distribution of contaminant concentration aided
by numerical simulation,” ASHRAE Transcations, Vol. 94,
pp.309-330, Part 2, 1988.

Chung, 1. P,, and Derek, D. R., “Using numerical simulation to
predict ventilation efficiency in a model room,” Energy and
Buildings, Vol. 28, pp. 43-50, 1988.

Murakami S., Kato S., Nagano S. , and Tanaka Y., “Diffusion



39.

40.

4].

characteristics of airborne particles with gravitational settling in a
convection-dominant indoor flow field.,” ASHRAE Transactions,
1990.

Sandberg M., “Some confinement effects of jets in ventilated
rooms.,” ASHRAE Transactions, Vol. 104, Pt. 1B, pp. 1748-1754,
1998.

Chen Y.C. Barber E. M., and Zhang, Y., “Method to measure dust
production and deposition rates for a ventilated airspace without
recirculation systems,” ASHRAE Transactions, Vol. 104, Pt.1B,
pp. 1692-1698, 1998.

Liu ,Y.,, Maghirang R. G., and Chung D. S., “Method for
measuring fan ventilation rates in livestock buildings-velocity
pressure measurement,” ASHRAE Transactiens, Vol. 104, Pt. 1B,
pp-1679-1684, 1998.

Haddad, K. H. and Elmahdy, A. H., "Comparison of the monthly
thermal performance of a conventional window and a supply-air
window,” ASHRAE Transactions, Vol. 104, Pt. 1B, pp. 1261-1270,
1998.

Emmerich ,S. J. and McGrattan, K. B., "Application of a large
eddy simulation model to study room airflow,” ASHRAE
Transactions, Vol. 1B, pp. 1128-1140, 1998.

Nielsen ,P. V., “Selection of turbulence models for prediction of
room airflow,” ASHRAE Transactions, Vol. 104, Pt. 1B, pp. 1119-
1127, 1998.

Kwork ,A. G., “Thermal comfort in tropical classrooms,”
ASHRAE Transactions, Vol. 104, Pt. 1B, pp. 1031-1047, 1998
Varley ,J. O. and Ghorashi B., “Effect of turbulent structures on
hood design-a review of CFD and tlow visualization studies,”

ASHRAE Transactions, Vol. 104, Pt. 1A, pp.710, 1998.

212



43.

44,

45.

46.

47,

48.

49.

Sensharma, N. P, Woods, J. E., and Goodwin A. K., "Relations
between the indoor environment and productivity: A literature
review,” ASHRAE Transactions, Vol. 104, Pt. 1A, pp. 686-701,
1998.

Dorgan, C. B., Dorgan, C. E., Kanarek M. S., and Willman A.
J., "Health and productivity benefits of improved indoor air
quality,” ASHRAE Transactions, Vol. 104, Pt. 1A, pp. 658-666,
1998.

Skimming, J. W., Stephan P. J., Blanch P. B., and Banner M.
J., "Propagation of nitric oxide pools during controlled mechanical
ventilation.,” Journal of Clinical Monitoring & Computing, Vol.
14, No. 3, pp. 171-176, Apr 1998.

Krylov V. V. and Ferguson C. C., “Contamination of indoor air by
toxic soil vapors: The effects of subfloor ventilation and other
protective measures.,” Building & Environment, Vel. 33, No. 6,
pp. 331-347, Nov 1998.

Kacira M., Short T. H., and Stowell R. R., “CFD evaluation of
naturally  ventilated, multi-span, sawtooth greenhouses.,”
Transactions of the ASAE, Vol. 41, No. 3, pp. 819-824, May-Jun
1998.

Verlinde W.,Gabries D., and Christiaens J. P. A., “Ventilation
coefficient for wind-induced natural ventilation in cattle buildings:
A scale model study in a wind tunnel.,” Transactions of ASAE,
Vol. 41, No. 3, pp. 783-788, May-Jun 1998.

Naas [. A., Moura D. J., Bucklin R. A., and Fialho F. B.,
“Algorithm for determining opening effectiveness in natural
ventilation by wind.,” Transaction of the ASAE, Vol. 41, No. 3,
pp.76-771, May-Jun 1998&.

Colbeck 1., “Nitrogen dioxide in the workspace environment.,”

213



50.

51.

Environment Monitoring & Assessment, Vol. 52, No. 1-2, pp.
123-130, Aug 1998.

Bellia L., Betta V., and Cascetta F., “Description of velocity fields
in front of exhaust axisymmetric inlets by means of new empirical
equations.,” Building & Environment, Vol. 33, No.4, pp. 189-193,
Jul 1998.

Drakou G., Zerefos C., Ziomas 1., and Voyatzaki M.,
“Measurement and numerical simulations of indoor O3 and NOy
in two different cases.,” Atmospheric Environment, Vol. 32, No. 4,

pp. 595-610, Feb 1998.

214



