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ABSTRACT

Keywords: Natural ventilation; Numerical simulation; Wind tunnel test

I. Research Topic
Analytical Study of Natural Ventilation for Large-scale Buildings
1. Introduction

The air-stream environment and air quality in a building is highly dependent
on the operation of indoors ventilation. As Taiwan is located in the subtropical
zone, the method of natural ventilation can be adopted up to about six months
annually to maintain the temperature and quality of indoors air at a certain level.

At present, mechanical ventilation systems are commonly used for local
large-scale buildings and usually consume a great deal of electricity. For a typical
dome, it is not necessary to use mechanical ventilation during the period without
events. For a large factory, on the other hand, the consideration of ventilation is
required at the stage of building design so as to reduce the energy cost. Therefore,
to assure the human serviceability and health and to economize the electricity
consumption, good planning and execution of natural ventilation is important.

I11. Research method and procedure

The project proposes to take two typical large-scale buildings, dome and
factory, as the cases of study. By changing the sizes and locations of the exterior
and interior openings, the mechanisms of the indoor flow, driven by the pressure
and temperature differences, are analyzed to provide additional insight into the
planning and design of indoors ventilation for such large-scale buildings.

Besides turbulent flows, the work of study also includes the analysis of
temperature fields so as to investigate the situations of both pressure ventilation
and buoyancy ventilation. As the execution of experiments cannot provide
sufficient information to monitor extensive detail of the indoors air stream, a
computational-fluid-dynamics method is used as the major tool for the problem

Xl
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analysis. To verify the validity of the numerical results, wind tunnel model
experiments are performed to obtain necessary measurement data as the basis for
result comparisons.

IV. Important Findings

Three important findings are stated as follows:

1. The path lengths of the major indoors air streams dominate the efficiency of
natural ventilation. The tendency shows that a shorter stream path leads to a
larger value of air change rate (ACHg) and a smaller value of concentration
decay rate (ACHc).

2. In the case of 1-story rectangular factory buildings, increases of the areas of
inlet and outlet openings result in an increase of the air change rate (ACHg), in
which the effect of the former is more significant than that of the latter.

3. For 2-story rectangular factory buildings, a larger opening area of windows can
promote the air change rate (ACHg). However, the arrangement of the
second-floor windows has little effect on the change of ACHR.

4. For the dome buildings, as the area of the window openings increases, the
concentration decay rate (ACHc) and temperature decay rate (ACHy) also
increase. In addition, buoyancy effect can promote indoors concentration and

temperature mixing, resulting in increases of ACHc and ACHy.

V. Major suggestions

The major suggestions are
— to arrange a workshop to demonstrate the achievements from the present study,
and

— to promote the support and funding to wind engineering projects in the field of
computational fluid dynamics.
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BEASFHA T P R BRERY 0 SR P R HCE
ELF SR kP MR R ER 13K 2 F 015 F s R
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¥R OB FE%R
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A i B=0°-15°2 30) R T A RS AL TR REFN R BRER
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(c) 184 B
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(c) & 4R @)
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(Cp; =(p—p,)/0.5pU% 5 p, 5 %4 R4 )2 Rl B% o
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EE - QuBER iR TR

B

&

i
=
i

Fri HERRIZEESARRE

i v A%y e 4 & (computational fluid dynamics;
CFD)eh= 22 TR EE P & € 42wk 5 2 itk &z
Vpd mHFEERFLES > wMFEFEIND REL R 2 H e P BKE

st B 3 % 9 FLUENT 0 CFD 3+ % 250 » %3P 4o il o

% - & FLUENT 2 X ##p

FLUENT 4% B Ansys = @ #T R adt 5 it + F 2 55t »

Hc kY %02 LR 4 % (finite-volume method) » f&47 4r (6 2o 1 4 = 47 3¢

U o Al

a_u+ﬁ+a_w—0 4-1

ox 0Oy 0z - (4-1)
2 2 2

a_u+ a_u+ 6_11 a_u:_Lé_p_FfX_i_ (611 ou au)

ot ox 0y oz p 0X ox’ 0y’ 07°

v, ov, v, ov_ 1dp ., By 3 3y

ot o0x Oy oz pox ox’> 0y* 07’

ow Ow 0w oW 1 Op o’w oO'w  O'w

+u +v +w =———+f + -
ot o oy TV o T h o e T oy T (4-2)

yyz=2B ez a8t ERERF L
e R x~yzREEI2ZAE 5p iR SpE Vv AYLR
2% R ¥ EH A F R (kinematic viscosity) o

FLUENT 4 * 7 UM f2 5 2 & 4 &a Rz - £ty
B8 AR U EBEH Y hiE R E R4 0 R PR AR e S e Ak 3t

DR I E L g
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AA o A RfEMRE -2 4 5 3 425 (Navier-Stokes equation) ¥
# * B &4k (direct simulation)iz ¥ % 31 » E e e X i {3 0 T R
BhiBmaoigsd o L RfE- B2z O NP 5T %D
WERRE MO EIRER S AEF Y PR TN - BRERR

I F R HY o VML R4 S L T E (mean)E F H E

(fluctuation)® B> > e faprd T HF T HT g Fod g 530
$v T FLUENT #c %8 ¢ @& * ¢ RANS(Reynolds averaged Navier-Stokes)
~ ~ FLUENT # % % {4 &
(- ) FLUENT # #8 2. & =&
FLUENT $c %8 & 32408 B B0 A 1 (2 L B 4-1)
(1) FLUENT & j& %
(2) prePDF : * >t i 5 PDF %% & iF 4%
(3) GAMBIT © 2% & & fm 25 &1 g 45 2 &
(4) TGrid @ $F ¢ P T B > * 2R F DB F e k4 SRR -
(5) Filters(Translators) : # 4 d H v 48 4 = chle o
(=) 42 % 2
FLUENT #c %8 R f2 2. A A% 2 5
(1) & % GAMBIT > i b 253 » &2 TR g ex > ¥4 3-8
(2) ®He » jaE
(3) t & #H
(4) EH RfFen> 255 0 BIF T B Fon
(5) ® LF R Fe
(6) 3 TARE A 4 FHB
(7) H=FEPZE (F4pim > VB F RSB

%)
(8) % il Bl (2~ B - 0~ 4 9 R k)

\\\?{r
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TR kR AFEL R

(2)&f2 F fE

FLUENT ? 2. $ /3 B % 4ofs v 85 %

(1) FLUENT 2d
(2) FLUENT 3d

(3) FLUENT 2ddp © =
(4) FLUENT 3ddp :

.
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(1) F* 25~ adl - S B SaRTELEs  F* 3R
I EEC R - LI -

(2) BRI B FERG RN -

(3) 4t r MW KA BT A -

R AR EREOR R RS PR G
Fepd Toinfed@ A A RIE)F T EOR o RPRAFES T LA
BB RBPAFTE > a LFERISE FL T S ERF
(I )@ R g 2 58

LR isi ok %t o FLUENT® ® 71 5 654 > & 42
(1) velocity-inlet : & B » v

d *> FLUENT & ¥ R 45/ (compressible flow) ¥ 42 j# 47 ¢ ¢ i

Trm? BWERZE AR ZA AR DAE > A F R IER R

=

¥ % ¥ R &5 in (incompressible flow) i #5358 - § & ﬂis‘] > g B e
FIRESAN e A LR RAE S HEFERMEE SRR T )R
B(F g & Fim)&E o

(2) pressure inlet : /B 4 » ©

fo* s nE (flow rate) e jn#e i B A fohfF iR o doif 4 SpE
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R 2t s enp o i
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WRA S EAR -~ E 2 e~ FRA AT E (turbulent flux)
(3) mass-flow-inlet : & & /it » ©
AP R EE ARG NT RIS PR ER § A

& ¢ F £ r ¥ (mass flow rate)fo # € i £ (mass flux) > & x5 &_H |
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LA S TR N A CIE S

\"r’*\

SEREEAE IR S S SR S A 3
BERFER -2 Y RE S5ERZEKRT RS B EDT LR
% & {rdp 4 % #ic(head loss coefficient) °
(5) intake-fan @ & § kb %

PRGN EFRE B FRIRAEE SRR EFRS oFR

Boo b gk BARZ BRT AT ERF SRS B LA

ETIAS

BRdSfce ok T F 3t o b 5T URGER DT 0 2 H AR 2
FA ks 1o
(6) outflow : p d jxdi v

PR A T RSN H R AR o d 0 a2 TRRAR G
= >4 B (fully developed) % » ** i v et § 4 LERE RS > @ 5

ﬂ#%%if@of PR 4o, H
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A
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(7) pressure-outlet : & 4 ¢

AERGERTRENT PHR G wiad e o g R iE
wooutflow 3 A 52 { F 5 ftar e Aok w4 o L R ER
SHARL FIMAZTELITEYRRS caw ikt e dic R L
E oo A iF o FBR T I3 iE i H(sub-sonic flow):t B o EUn P

f 3% 0RAZ § iE (super-sonic) i o RIE ~ 2 B R AL B AR e

(8) pressure-far-field : i 3 /& 4

AF R EE R NI F e R BT RGN )
Hg* @ dawme Lhgarl o %Jﬁﬁiﬁ% ZERINNIEE R 3 A S
P BRZEE Mk
(9) outlet-vent : ) v i@ B

P RCE A TR R RS RAA G R e BB ER
o R o
(10) exhaust-fan @ £ § b %

ORI F R BN FRHEIRAEE R e &
BERfCRLR - BEAPF HE U N EEF SR B
MRS A3 T ER BERZBERT ML ERF 5 OR
A H LA R S dik e
(11) symmetry : ¥ £ 7

%ﬁ@ﬁ@ﬁ@w%%ﬁa@ﬂmﬁﬂﬁa%é%ﬁwﬁmoé
WHAMAFHE TR PR g FIP R E ST 6
%“#&é?’ﬁﬁfﬁﬂﬁﬁﬁkﬁﬁﬁﬁo
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(+ ) FLUENT 2 & *
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(1) 2 v Ragin& v R
(2) Ery2fs T ind
(3) mAF I~ BB Fin(F 7 AT IHE)
(4) 4 4F jRRE 2 2L 4F Y
(5) $if s BESFHOE(F LAMN EH - S BEH - SP AWK
AT F AN ’F.’Tt’ 15 5 en @ 3%)
(6) B EEF AL
(7) "5 F (e 454 10~ e FHEESE)
(8) ff H B 4 (B8 20 )fer 20f 12 B 4B 5 (L) T il 8 03
9) " Mg ~ FE ~®E it 2 kA
(10) £ 2 2RI p SApGEFERHAAF B~ F % > FliE ~ iRk k)
(11) %34 4 Fivd
(12) - @h % ~ #2 I BRI E
(13) = #p i (two-phase flow) R 41
(14) g2k T ap d &5 @
(=) FLUENT *# X% /& # 3\ (turbulence model) 2z % 7
FLUENT &k 0 3 (viscous flow)3t & 3% & 7 #cfd F om0t 2
& * > @ 3% I Spalart-Allmaras fi= 3% ~ # % k-¢ #-:% ~ k-Q #-3% ~Reynolds
Stress fi-;% ~ DES(detached eddy simulation)#i ;% 22 LES(large eddy

simulation) fic ;¢ & o
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FHCA e B AR o B T f W f FLUENT £j2 8 - d 30 A
TAHERRARY AP T RRE S P Y (K 4-3) &t 2=
BB R (W 4-4) T fod K32 BALE o X & B File-> Read-> Data 2
FIARIZ - F reRmshifd -2 AT EHTFEREFRLE
e MM~ F SR EPR(FLE 45 a8 REH Grid->

Check i /T » 3 REEPN N orf » 2 R 23 3 'EF 243

=2 Fluent 6.3.26 - o (=]
|—h | EFE AT | =2 | EEg | LewesEs

Fluent 6.3.26
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BfaRY ERiER

BRiE nb<@n

BT vent TncntbininbB6luent exe -1 3 26[END I
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HERK: &

BITER: (RS -
HHERO):

TREZREP | [EEEno. | [ EEOD. |
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W 4-3. FLUENT {2 B & K T
FHAR: AE T ER

1

FLUENT Version (23]

Yersions
2d
2ddp
3d

1
Selection
|3ddp

Mode |Full Simulation ~

Run Exit ‘

B 4-4. FLUENT &2 EH A XK T
FAHAR AFELER
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3 FLUENT [3d, dp, pbns, lam]
file Grid Define Solwe Adapt Suface Display Plot Report Parallel Help

Grid Check

Domain Extents:
®-coordinate: min {m) = -3.000000e+808, max (m) = 1.025088e+001
y—cuurdinate: min (m) = -3.8000A0e+000, max (M) = 3.500008e+000
z-coordinate: min {m) = -6.938894e-018, max (m) = 3.200000e-001
Volume statistics:
minimun volume (m3): 1.250000e-007
maximum volume (m3): 4.7158688e-004
total volume (m3): 2.756888e+0801
Face area statistics:
minimum face area (m2): 2.500000e-005
maximum face area (m2): 5.542647e-082
Checking number of nodes per cell.
GChecking number of faces per cell.
Checking thread pointers.
Checking number of cells per face.
Checking face cells.|
Checking bridge faces.
Ghecking right-handed cells.
Checking face handedness.
Checking face node order.
Checking element type consistency.
Checking boundary types:
GChecking face pairs.

m

B 4-5. FLUENT &f2 Z% » £ F#

FAH AR AFEYER

=4
e
a\
&=
il

o3
S
oy
(\x.
B
(ﬂ‘-t

(1)~ 4738 B -

AR R R AHIEE e > O RN

&y
R
%

£

;¢ f2 (Implicit) ~ 2512 2 (Unsteady) & i 78 (% L B 4-6) °

D soher =
Solver Formulation

* Pressure Based * Implicit

' Density Based ol

Space Time

(0] ' Steady

(0] * Unsteady

c

7 3D Transient Controls

I” Non-lterative Time Advancement
" Frozen Flux Formulation

Velocity Formulation Unsteady Formulation
* Absolute €
" Relative & 1st-Order Implicit

" 2nd-Order Implicit

Gradient Option Porous Formulation

&+ Green-Gauss Cell Based * Superficial Velocity
" Green-Gauss Node Based || T Physical Velocity
" Least Squares Cell Based

B 4-6. FLUENT #$ 2% %AR
FHR &R AP ER
(2)F & ¥ i3
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oy
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ot
=
RIS

B Viscous Madel =
Mudel Mudel Conslants
" Inviscid Cmu
" Laminar |0.M
" SpalartAlimaras (1 eqn)
* kepsilon [2 eqn] C1-Epsilon
© komega |2 eqn) [1-0
© Heynolds Stress |7 eqn)
© Detached Eddy Simulation C2 Epsilon
" Large Eddy Simulation [LES) |1 -92
kepsilon Model TKE Prandil Number
= Standard 1
NG =]
" Reallzable User-Defined Funclions

Turbulent Viscosity
none -

Near-Wall Treatment
* Standard Wall Functions
" Mon-Equilibrium Wall Functions | Prandtl Numbers
" Enhanced Wall Treatment TKE Prandil Number I
O User-Defined Wall Funclions - =

TOA Prandtl Number
none

W 4-7. FLUENT ¥ im#03] £ 8%
FAKR G AL ER

Gz s kR E
kR ER2Z L b ¥ R * FLUENT #¢%2 ¢0 UDF ¢ B 47 5%
fe o B BR T R R EREAR R R 2 - ¥ n® i (turbulence
kinetic energy) % ¥ /it i} 47 & (dissipation rate) & F AL ¥ 5 kv R
oo G (THCELPF SRR RGPl Rk R B AR
A ke dY 0 AR RIBUDDELN CHZ 2 A#RE R D HhIE
BRTUT UF AR ST FLUENT + U8R 8 KRB » L2 &%
2@ RhirE B E(FLR4-8)
#@* UDF i » %6 R ERXRTRT P §ERES REA

TEERE oA FHERSE S FonE A s P iR P 2% R

[

> W] iE # udf x_velocity ~ udf k_profile ~ udf dissip_profile i* & X /it &
Tk (% 2 B 49 B 4-10) ¢
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= Interpreted UDFs |E|
Source File Name
‘E:\USEFSKDHUID\DESRt[ Browse...
CPP Command Name

cpp

Stack Size

[ Display Assemhly Listing
[ Use Contributed CPP

Intt:rprt:t| Close | Help |

n

W 4-8. FLUENT ki % & UDF & 24k
T kR APy R

&3 Boundary Conditions @
Zone Type

bwz1- + |[inletvent -
bwz2+ intake-fan
bwz2+-shadow interface
default-interior mass-flow-inlet
door outflow

outlet-vent

outflow pressure-far-field |=
stairl pressure-inlet
stair2 =|| | pressure-outlet
windowl symmet

window? ﬁmﬁm-
yi - | [wall 2

(R

Set...| Cupy...| Cluse| Help |
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B velacity Inlet

S BENESZEENRE

Zone Name
|inF10w

Momentum .|Thermal| Radiation | Species | DPM | Multiphase | ups |

==l

Reference Frame |Ah50|utg

Velocity Specification Method |Magnitude, Normal to Boundary

Velocity Magnitude [m/s] |

Turbulence

|udf x_wvelocity

Specification Method |K and Epsilon

Turbulent Kinetic Energy [(m2/s2) |

|udf k_profile

Turbulent Dissipation Rate [m2/s3) udf d|55|p profile

|_I;

Ledle e

0K | Cancel| Help|

@ 4-10. FLUENT %k /n:® R i
B TR KRR AF Y EE

LB R E
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B Materials

far

\

%X T_AR

2

Name Material Type

[air |ﬂuid

£

Chemical Formula Fluent Fluid Materials

|air

==

Order Materials By

* Name
" Chemical Formula

Fluent Database...

User-Defined Database...

|I'I[lI'IE
Properties

Density (kg/m3] |

constant

‘1 225

Viscosity [kgfm-s] |

constant

‘1 _7894e-85

Change/Create | Delete | Close ‘ Help
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(5)e # 3+ 4

B EZ R AL EAEE S ABERE T LRSS A
o (R s T 2 & d File-> read-> datash i jE 3 » 424 B8 2 (2 2
Bl 4-12) -

B solution Initialization

Compute From

=)

Initial Values

Reference Frame
~| | @ Relative to Cell Zone
" Absolute

Init | Fleset|

Gauge Pressure pascall [y
X Velocity (m{s) ,37
Yvelocity (mis)[o
Zvelocity (mis) o

Apply| Close| Help |

B 4-12. FLUENT
TR kR AT A

R T LA
TR AT R E AR E

S 2L B4-132 Bl4-14)

I P B B B A2 T T &

‘ti’f’(m'ﬂ DL

FEFAE T HF R EKEEPF o FE R LFFHE (time
increment) ~ 3+ 5 # ﬁzfrﬁ R SN E Sl E TR
PR CHERHE T U] RETE
flow) #

2 MR
0.001(sec) (% L M 4-15)
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& Residual Monitors @

Options Storage Plotting

[~ Print Iterations |1aa0 i‘ YWindow g il

M Plot = =
Mormalization lterations 1600 il

[ Normalize ¥ Scale Axes... | Curves...|

Convergence Criterion

|abso|ute j

Check Absolute 1=
Residual Monitor Convergence Criteria

continuity v v a.801

x-velocity v v a.e01
y-velocity [ v a.o01
z-velocity ¥ 3 a.em
kK ¥ ¥ a.em J
Ok | Plot | Renorm| Cancel| Help |

¥ 4-13. FLUENT 3 ¥ & £% 24 ¢
TR KR AR

& Parallel FLUENT@EBOSS-PC [0] Fluent Tnc |5 [

1e+00

1000 2000 3000 5000 g000 To0o 000

W 4-14. FLUENT 3+ & £ x40 %
TR kR AL ERE
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LW
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op R b

2 AR

g Iterate

Time

Time Step Size [s] [a_8@1

Number of Time Steps |g i‘

Time Stepping Method

* Fixed

-
i

Options

¥ Data Sampling for Time Statistics

Sampling Interval [1 i‘
Iteration

Max lterations per Time Step [yp i‘
Reporting Interval |4 i‘
UDF Profile Update Interval [{ i‘

Iterate| Apply‘ Close| Help |

® 4-15. FLUENT
FHR &R AP ER

E Export

File Type

" ABAQUS

ANSYS Input
ASCIH

AVS

CGNS

Data Explorer
EnSight Case Gold
FAST

FAST Solution
Fieldview Unstructured
I-deas Universal
NASTRAN

PATRAN

Tecplot

8200 e e e Tia T TS NI TS T T

D

= =

Surfaces | =| Functions to Write
buy2+ -
bwy2+-shadow Pressure Coefficient
bruny2- Dynamic Pressure L
bwy2—shadow Absolute Pressure i
Total Pressure
bwz1+-shadow Relative Total Pressure
bwz1- Density
bwz2+ Density All
bwz2+-shad Velacity Magnitud
default-interior X Yelocity
Y Yelocity
inflow Z Velocity
outflow Axial Velocity
stairl - || |Radial Velocity
stair2 " || [Tangential Velocity
windowl Relative Yelocity Magnitude
window?2 Relative X Velocity
v+ Relative ¥ Velocity
- Relative Z Velocity
z+ Relative Tangential Yelocity
z- - | | Grid X-¥elocity <
=
(@]
Write... | Close | Help |

®) 4-16. FLUENT ﬁéﬁ
FHRKR: AP ER
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FLUENT $7# & & £ § (5 &I 7 i & 7 8 0 4 17 15 gL o 3+
EP I RaER (SRR RS b~ Fin
o~ ¥ iniE & %) File —> Journal ¢h7 it » 30 2% & =03 = & {2 1F
Boeddiod WA ERS TR (FER P Y E Y Teplot 5 B4
T T A e (5 R W 4-16) o
(Z)ERFZ2 ERFHHFEKR T
(1)k & F

R FRBRFRERS > JIY M hp 7 A& EE UDS(user
defined scalar) & Ff% - & B Define->User Defined->Scalars ¥ j& » 3
P ERERY - B UDS A2 L EHFL RE - E S E AR
fio 3 BE 70 (5 LBl 4-17)

Number of User-Defined Scalars |4 i‘ I

¥ Inlet Diffusion

UDS Index ’n_ é‘
Solution Zones |a|| fluid zones j

Flux Function |mass flow rate j

OK | Cancel| Help|

User-Defined Scalars Options

B 4-17. FLUENT UDS * 2% 4R ¥
T kR 2y ER

% Materials & ¥ ¢ % 3% %k B 4 Bl 0 kB ik Fon
¢ % ¥ #(turbulent Schmidt number) k 48 & » H F_& 4ris :
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(4-3)

R

98 v BT A W G o8 en S AR F R (turbulent viscosity) 2 F Ui #F 4T

(turbulent diffusion) ¥ - A= 3 ¥ X T Fin g BHHE 5 0.8 [29] (%22

B 4-18) o

Chemical Formula

Materials
Name Material Type
[air [ruia

Fluent Fluid M.

j ~ Name
' Chemical Formula

|ail

j Fluent Database...

Mixture User-Defined Database....|
[none
Properties
. b= = e =
Density (kg/m3) !Eﬂnsl,,,,. LI Edit... UDS Diffusion Coefficients
Il |1 .225 User-Defined Scalar Diffusion
Viscosity (almrs] [constant ] Edit...
|1.7nyue—n5

UDS Diffusivity [kg/m-s] Idelined—per—uds

| B

Coefficient
constant ~| Edit..
—{|| [1-8u7e-05

Change/Create Delete

Close | oK | Cancel] Help |

W 4-18. FLUENT 3k & #4c A8k AR ¢
FHXR: AEf FR

Zone Name
|I1|=u

Adjacent Cell Zone
|1nalr

Shadow Face Zone
[buncs -shadow

Momentum | Thermal | Radiation | Species | DPM | Muliiphase UDS |
User-Delined Scalar i

User Scalar 0 (TR = A

User-Delined Scalar Value

constant j

Uszer Scalar 0 |g

W 4-19. FLUENT UDS i# % i % il %
FTHkR: AFEGER
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R EE TR F P FAAE R E 2 9 UDS £ 3 0 User-Defined
Scalar Boundary Condition &% 3 Specified Flux » I #- User-Defined
Scalar Boundary Value % %% 0 (B 4-19) c & {8 » v 3 & %0 % T &
2_ ik B 4~ 4> & (Solve->Initialize->Patch) (B 4-20) o

Patch

Reference Frame Zones to Patch ﬂj

& Relative to Cell Zone :
" Absolute outair
[~ Use Field Function

Field Function

Yariable

X Velocity
¥ Velocity L Registers to Patch =| =|
Z Velocity

Turbulent Kinetic Energy
Turbulent Dissipation Rate
User Scalar 0

Patchl Clusel Helpl

B 4-20. FLUENT UDS # 4+ £ T4 ¥
TR LR AFEL ERE

(2)8 B F i Ht
% £ Energy & ¥ ¢ fida £ A H (2 LH 421) 0 B0
Operating Condition & % © gcir &€ 4 E3H > X E L4 v RehiE 2 >

w o I 2% % Specified Operating Density( % L B 4-22) »

Energy u

Energy

¥ Energy Equation

OK | Can-::t:ll HElpl
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1

Pressure Gravity

Operating Pressure [pascal] | | ¥ Gravity

|1 81325 Gravitational Acceleration

Reference Pressure Location || | % [Ms2] (g
X[m] (g Y (mis2) ’73
Y e ZmisA[-9.81
z
(ml o Boussinesq Parameters

Operating Temperature (k]
|288.16

Variable-Density Parameters
v Specified Operating Density

Operating Density (kgfm3]
|1.225

OK | Cancel| Help|

B 4-22. FLUENT ¥ iTi% 23 T AL ¥
TR KR AL ET

> Materials & 7 » LT AR GEE TR B EGHE . T o0
R G xd X g P fc(turbulent Prandtl number)dd F # &
(B 5 8 % 0.71 [30]) » % & 4o 12

Vi
L5

R S S LAY

Pr— (4-4)

R AErT R DR EEY LT RER > TN
F 4 E R 0f 2 g Thermal £ 378 ¢ X 22 & £ B vf - (% L B 4-23)

Bofe 33 B o R 2R B2 R 47 4 & (Solve->Initialize->Patch)
(B 4-24)
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Zone Name
Iwa+

Adjacent Cell Zone
Iinair

Shadow Face Zone
Inuxf—snaunu

Momentum Thermal | Radiation SpeciesIDPM IMuItiphaselUDS |

Thermal Conditions

& Fieat i Heat Flux [w/m2] Ia |cnnstanl j
" Temperature Wall Thickness [m] l—“
© Coupled

Material Name Heat Generation Rate [wfm3] I[-] Il:unslanl j

aluminum - Ed“---l " Shell Conduction

0K | Cancell Helpl

W 4-23. FLUENT Thermal # # i 2 % T
TR LR AFEL ER

Reference Frame Value [k] Zones to Patch | =
¥ Relative to Cell Zone |3l3l] :
C Absolute outair

[~ Use Field Function

Variable Field Function

Y Velocity -

Z Veloci Registers to Patch = =|
Temperature I

| | Turbulent Kinetic Energy
Turbulent Dissipation Rate
‘ User Scalar 0 -

| Patchl Clusel Help |
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B 3T & i FLUENT
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TR kR AEL KR
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B 1T & B FLUENT
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B % S5 ACHg (Hr'h) ACHc (Hr')
2AIN1 0.88 0.90
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2AIN3 1.62 1.71
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2AIN5 2.14 2.30
2AING6 2.15 2.07
2A2N1 0.86 0.76
2A2N2 0.89 0.74
2A2N3 1.65 1.42
2A2N4 1.61 1.72
2A2N5 2.15 2.23
2A2N6 2.17 2.09
2A3N1 0.86 0.95
2A3N2 0.88 0.78
2A3N3 1.69 1.52
2A3N4 1.67 1.43
2A3N5 2.35 1.98
2A3N6 2.36 1.82
2A4N1 0.88 0.73
2A4N2 0.90 0.86
2A4N3 1.72 1.57
2A4N4 1.71 1.62
2A4N5 2.34 2.38
2A4N6 2.36 2.35
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