. - s . o 5 N 0]
st 5] 2 ol B 2 ) R KT ) e W R R LB B R PR E - S Sk A M R ST) et S







BRRFEREGELEZA
- B

#pRU
b W pE F T L

1

ARBERE T LR TR
¢ 2% 108 & 12 ¥

(AFLPF223% 0 WRFET 200 3 A& ASHE L)






PG10801-0757

hEFHFEREGCEZAL P RA
i} 75{_}'5'[’]:15??;%—1 ;W%}Pi‘

T AP =g
S A IWEE
o7 L

i
o7 opb 183 REE
oG o Az ¢ FAE108E 10 5 108 & 12 7

Moy oE % 128 5F Ak

ARBERE T LR TR
¢ 3% K 108 & 12 ¥

(FEFLPEEEH HRET 2R L 2 A& ABHL L)






p =

] 1T 1
T e VIl
B R s VIII
ABST RACT oo e XV
R 1
F o B L EW s 1
F DB LB s 4
Fo® FELIREE I 5
LI SRS L5 | — 13
- ERAZPPRERATEFL i, 13
$Z8 BIMtp KRB 2 B* PN BRI ... 16
FZ& TP PMVESFEE R o 21
¥2F Z2FFRUERBFCATHE 25

-8 MHAERERIAFHZ FPAERATEN ..

Fo8% UPMV 2 A#2 zpad b ARESS
B o B L B s 39
Frd FEFTHRER A s 41
- & ‘?ﬂ‘?’ﬁ‘%/?]?&b‘,{"" ............................... 41
Fo8 FHFTRER AT T 46
FIF 2FPREREKERUTHEE 62
S8 BRI E e, 62
B T R OERE e, 63



B o B B I IR TR s 65
£ IO = DI~ 69
I Z2HpRAPEKEFIIFTHEXRTER
T oottt ettt ettt ettt ettt 75
PAE 2Fp R EKERATRESH ... 101
FAR ZHFPARER AT A, 106
o B R e, 106
B B A ALIR I e 110
B B AR TE s 115
FR BHBEER e, 125
B B e, 125
B B BB, 126

- BESEE ERA LT B 129
s B - Z L FRHE LRI T B 133
ez B B AEHRA LI T B 137
T B F L FRAHE LRI T B 143
T HAFAEHRA LI T B 147



W =<

W1-1ARE"M AR FAREEZEHRNVMDIFE oo, 7
W 128 &S FREEHER oo 8
WI3AEM S LR FART LN B EHF s 9
B 1-4 25 F T ARE oo 11
W 2-1BIM &2 A H REHA T XA BB o, 18
W31 UHRRRLAFZZIPARFEALANTH oo, 26
W32 Beiit fARERFEBE IR e, 27
W33 FPEMMREERE B AHEFFIREIZTAR oo 28
W34 zprEEgER(TNE §aEfFENRTIZTILE

....................................................................................................... 30
W35 FprERERRA(MTNE §9EfFFENRG>IEZTLW

....................................................................................................... 32
W36 xprEGFEPrEREFOMZ HHRBR T RENAG S ZT

B B oottt 33
B 3-7 1 PMV # B &3 Rdgth2 20 p R R AR 36
W38 zpihdzpidrdFUmz i HARTREAG T

B B oottt ettt 37
W39 FpABEELMSIV)F R BOLH 500 BEE B) e, 38
# 3-10 2 p PMV &2 (MSIPMV)5% &, B (4 % 500 8L % %) .....38
W41 R FFREREERER o, 41
BA2 RPN FFTAEREEFH 43
WASREEA LR BREREEFH 44
B 4-4 WindSonic Ag Bt b 2 B2 B2ERX = E e, 48
Bl 45 TRBEIIEE e 48
Bl 4-6 BB EE e 49
WATDHT-22 REBR BB BAL AR BHEE .o, 51
W 4-8 LinkItONE B8 &2 E7 wifi T & ..o, 53
W 4-9LinNKItONE B PR IFE e, 54
WA4-10 T REFFTME IR o, 54
W41l pET»2eeiBM -DHT-222BR B B............ 56
B 4-12 LINKILONE B8 Z P J{ETFES i, 58



R FFEREECEAP ) RERFITETAL SR FFY

WA4-13 ERFEFFTRETIRAED (s 58
WAl 2FRFBRATHREZFEIREEFTHRE 59
WA4-15 25 FFBRATHEZIFIRAERTRE 59
W51 7§23 3D Wl 63
W52 AR AMPEER 64
W 5-3 AN X FERAR WD s 66
W54 BRI F o 67
W55 SHERTIFABAFREE s 68
W56 THEFERIF TP RERE 73
BI5-7 BRFIBERILE oot 75
M58 AFRFZLZTIIHRBEEFTINREIG oo 76
W50 REARFEFEIRR M AR .o, 78
WI5-10 kB B B 2R 3BV BE AT oo, 78
WS-l FHRER I HTEETENAZ s 79
512 2B (AOKRT2 15Mm BALIOR E L EH ..., 82
513 2B (AOKRT2 1M BALISR F X EHI........... 83
W 514 s BT (CSHKRRT2 15m B ATIOR X EWI1.....84
W 5-15 B % R T (CSKRT 2 1.5m & AT 3ok # % & W 11....85
W 4-16 M A R T (CE RRT2 15m B ALLISh # £ W 1.....86
W 4-17 M A R T (CEsRRT2 1.5m & A0k i 8 & F 11...87
W 4-18 M A R T (CNREmT2 15m B ALt ioh E L EHI.....88
B 4-19 BA R T (CNyRRT2 15m B AL Lok X & H I11...89
W 4-20 B AR T(OEK T2 15m B ATionh gL ERI.....90
B 4-21 BART(OERRRT2 15m B A TIoh 2 £ &HI11..91
W 4-22 Ba T (OS)k;mT2 15m 3 Aulioh 3 £ &MI...92
W 4-23 B a @)% (OS)k:m™2 15m 3 AL 3ok 3 £ & F 11...93

W 4-24 B EONGRRT2 15m 3 AT oh X &M 1...94
B 4-25 B B 7 (ONGKR™ 2. 1.5m 3 AuT 3oh i & & H 11..95

BI526 F B R o T 23F 5 oo 96
B527 AR &2 & F]X TR E oo, 96
W 528 &FIZRE2ZBHFBFLF (AO) e 97
W52 RFXR B2 FHFBFAF (CE) oo 97
W530 RFFRE2Z BHEBEAF (CN) oo 98



W531 BFXR B2 AHFEWFLF(CS) v, 08
B 5-32 ﬁ'ﬂ’t}isii B T (O] =) PO 99
W533 BFIERE2Z FHABEFAF (ON)eoieeee, 99
W 5-34 #\ﬂ«aﬂiif‘%ﬁﬁ#‘*kﬁ(OS) .................................... 100
B 5-35 24 p RE R BERIFTHEEFHER ..o 101
W 5-36 Revit #-3] 7L % » BIM 3D #-3] TR A RAZR .......... 103
W 537 2% p RABHKERNFTHEREMIEE ... 103
MGléhﬂﬁih%“;.éﬁﬁwm .................................. 106
B 6-2PMV 2 F B BBEF oot 107
B 6-3PMV 2 B S 33 S B0 .o, 108
W64 2 p ARAR AR IRERE oo, 110
W 654 p AR R FAEIE R oo 111
WO-62H P RTR AR IBRIANG s 117
W6-7Hp RAR AF AHPMV 2R A2 TFEFE(UD
..................................................................................................... 118
W68z p ARAB AR 2IPHV 2Bk /e 2 TRFID
..................................................................................................... 119
W69 p RAR AR APIV-1BETARKAa (UI) ... 120
W 6-10 =% g #Rid k4K % PMV- Zﬁ?mi— ia (UI) ... 121
W 6-11224% f RA b AR AR AE R FFTAG (U)
..................................................................................................... 122

W6-12EHp RARARAIMXMRBERART AR 40 (UI) 122
WO-13:2%p KRB AKX A% THRERAARKE SN  AERTH
s TS 123



-

Fop 2R R e opE

=

)

VI

WNETCREFY



% X

222112R1IBAMNBIMZ %2 HipM ATz Ho g2

B B oot ettt 20
222 #47 PR GRE A HER Gilcicd 2RS4 HPMV £

B ettt 22
3 23PMV L3 57 A MBARHEZHE oo, 24
2419 FFAERAAZPERE s 46
# 4-2WindSonic AZ AR F R BHEELE 47
2 4-3DHT-22 B ARBERFEE oo, 49
% 4-4 Grove Dust Sensor PM2.5 # A @ g B@ g RBP4 .. 50
2 45 LINKItONE BB 2R % oo, 52
46 RSB ETRERIEE o 55
247 REPFRFFTAERIEE 57
251 AFEZRARPETFTR 64
Z 52 BEEE B BEIR T 74
2534 BFI/NER D A2 R RAB Lo, 80
2544 BTN ER D A2 R BRAB N o, 80
261 ZHpREBR AR A2 BEEERE oo 115
262 AAPHPANIE T H P HA e 116

VIl



B HERERE NSRS RAR G TEFRT B FEY

£ 2

Mkt FHER - pRER P EITHIE CRFFR CEATRA
HAl ~ g~ PMV AR 473 B 47 1 - R R

- R A

G Tt P B AL E AR ERL S P o S AL
T R AR ﬁJﬁ%fgﬁﬁ@*’ S
FYAFHUEAFRRPH AR S T R B OR AT R A 3

mﬁ&z@%@i@ﬁﬁﬁ’#%ﬁ%#%%ﬁﬁ%%okwjﬁ%%ﬂ
R FH o fI* pRARBHREPIAN R EAREREEZ B AR
BEP R AE I 2 EERE - AL AP F I RBRE T F ST 2K
FEAEP 22k o SHP RLBTFER > 2EFITEETRER

TS p R R T NRFEIM I F 2 NENASEP T ER

W}

BEF 2P e

ﬂ,

mog L ARRE FATHNR AT
WoooZ P T ARARAF 2 o FEE
(Information Technology)> 14 #% &4 &3 L FF B L Mz § 4 2.2 4

&%’lﬁmﬁ\?ﬂ#;ﬁﬁg
]

\_HE

FOETR K AT PR

TR fPeEhd bGP FTAEL 2 FES R

\‘fs‘

2 PR o A AT
A1 (Building Information Modeling, BIM)sh3 st 4 ¢ 3o % & » & LiER
FFRAE A S R R 2 1 AR 4F F4ad T F BIM ez A# -
B @ kg 0 BIM isra§ @ B b 30 1 A2 030 % K R
R AT BIM AP B 3K 90 R8T ARAIK L F be B ETH] Ao o

57%3

FHE#BIMEG RREOTALCEY X EG < Bt dkE
FomfiepE Fagsi R ity g oo 2 A p vzt 2 iE
T o PR SRR i H(modeling)FF B 0 FIF AL A 5 o R IiE S
FTREPREAARF IR L@ RBIMZ 3D ZFARE 1o+ » 2R

VIl



P9 R BIMBNGY 21 2 Tde % SRR R R
L HEATEZCEFY S
bt A T ARy bt THRER R AATERE R &

(106”‘114-&) D rﬁﬂ%%?{@i‘:‘;{gi%Ji rﬁ;(fig_;«:‘;{_wn
A

PR TR A T ARR ) #

+

AR B R T A BIML FIFT 5 Z R 6 b 2 ] 25 £ 5
P %4 CFD Hi# -~ b F 5 5% ~ oip(loT) ~ 2 A 733 & Hok
MERP P ARA R TR R S RRFECSAUR RIS
B QB SR AARE BRI AN FELEART ) NES TH
R AMATE c TEERREOS LR 2 TR ERAEFE
SRR P R

Lk o

P A TRETESOTN G RIRARTRLAS > 2]

%
(\x.

\:'

El s
PIRR R N FRR HE A o doi 445 IR Frak fE o T pE R F A

£

AR TS S A2 R AP ik - LRI A2 AF
WA HRE T SEBCFD A FHRABE TR BT AR EF BT 2
SALMERER R AP FF ROV AR REEAR Y &

§Wﬂi%%%ﬁ%“°%ﬁ’*Pi%i%d@ﬁ%?aﬁﬂi@%’
- 3 'ﬂ?i*»)fn”\)%’fw’“ f’;{)’\?l‘)}i

&*ﬁﬁ“?ﬂ?“*ﬁugﬁ?ﬂﬁﬂﬁé?aggﬁg,%ﬁgn?
RGEFENEATARIATHEREY > Lo BFFTA 02 B 22—

s

BEOUTRERRIE R HE E AR S SRR AR LR R

n o
w}

R RIE R AR kAo

SRR EEER

xR d AR AW P RET- G pRER G
PR A SHE SR T L LB RE

LRI AN EFRFRRER o 3 REME

oo
(\x

-
s
i
(s

Wi

(745 o Al

iyeh

\

el
=
#  Hy
o3

e

IX



R FFEREECEAP ) RERFITETAL SR FFY

EBEHS AL RLE R F R %A CFD iR s T2

PR R BERT °J-)I‘frj“ TR EPELFR TN EL L

“

hR-E BB RGEE CFDERr ALY EFARREFRE
Wb AT %ﬁfu FEZEF LT RANLEFRERETOTHEFR TR 2

PP ARER TR e

el

AR TS RA R RERD ) R ey ERERE > A
B2t BIM 2 R 2 b Scd B3| chipt e @ > By TBIM 2 A4
AR FR i, SR ARBEE R S AT AETH
Unity3D iF 2 BIM 3]z 4 @ o * B8 1 &2 > 4% p 78 B2 TARE L
‘a‘.}i"‘)ﬂ.ftb —ff#J B ﬁf‘vﬁf_ﬁ?g ’B&%'J
et 2 gk e T GRep R R E)
L B il iEsk
WROFYREPRERL ﬁQ*y’iwank$i&@iTﬁﬂ%

BITAEAR HRHRE 2 kg L2

(1) *imh = Ciw > 0°~3375° & 2250 A » &~ = > % 16 K
Th ok

(2 PHREANI LA > & § 22100 22 fFRIPSH -

() ¥ P FLEAFHUR T FReFr R EF L0 b BR(FSE
S35 )L S A G o

2. CFD #i-#t
FHpiREAEY IR d A2 3P 2 FEFIS

(1) ki R R FRHRERIZ R BRES 16 B KT R » &2 b



@g@;ﬁﬁl AR LI

(2) &5 p A RERTHFIRMZT “ 2 ¥ I FRT
(rfr23 Rz R 1LEORZALFTIRARRR)LT LR
EET RN F oSk o

3. Unity 3D

Unity3D #5431 8 ST 4 Bk ® chdgfh3 82 - » 2 &7 45 4 T
ok FZ B B4e Windows ~ macOS ~ Linux T3 & stz s b B9 H 0%
g2 2 Android ~ iOS 78 % % it 25 (Application, APP) % - A B % + 4

B P e Nk R L A ¥ e C# - JavaScript A2 E o
R FIIRG A LD VR RE A DT TR T BRI ERH
S ﬁﬂﬁﬁi“‘ » Unity 3D 25k 5] & 4 5@ # -*Ff— ® 3D ¥ AR 1 - F &

B> $ & 2D % 4 £ 6 (User Interface, Ul)snf 38 skt » (R R *
*giEim3D e i z&ﬁ? PERRE o H Y Unity» %0 % 483D 3%
slend F o 2P & dzs *3ds -~ *.dxf~*.dae~ *obj~*fbx & @B ALY

He FEA P2 BIM HAIMGR B i@l T {5 52 e pptz o

4

Unity3D 25851 8B E 3 A £ % = 2B L4 > et g # "ﬁﬁ =
PEF L 2 TH T W ATy A1 Unity3D 255851 3 R s T

oI EE BRI B Fpd B2 3D F o TR 4 S RAAH S (T
GG R B M RS- B 1107 BIM 3D Ak R 2 ¥

EFNFEL AL ES p RUE R F Ik

53 EBIMA 2 A ¥ 24 A2 Y %% BIM3D #
B FE TR AL L RFEL 2 FT R AF TR pFR L TARE S
R T £ % 4 (Visualized Multi-dimensional  Information  Integration

Framework, VMDIIF) ; > 12 Unity3D 2531 & 2 7 2 L R B B8

Xl



=
{;g;
=

VR R R R BT AT LB

2L R B (Virtual Reality, VR)z s 4% = — & 2 BIM 3D #4) 2 A #
P ZBAR2p 0 TR AT (Hybrid

A
?
Database) | ~ " s stasEdmfce | 2 TARE N 5 aR FaR* £5° >

B E R R GEASFTE L E N CFD R HF A 5 M ¥k oA
BT 2Py THERR 2 TPMV R &G R, $- A&g A4
LA Eprar 2K F+ o AngEen TP REREER | 2 T4
S P 2 AARESNEL TERAF R NE R AR k) Bt o R
PURAE A PN P - AR R R R R BE F N CFD B
SAAZ AR SN T UB AT R S RE{ L2 ENp R

MR ARER

(2) FHFFTMER s

AFTEE TRREANEFTREREE TEFEPAERERE
BIEE |~ TAME SRR 2 T2 SRR THEE 222 0
EEAN THEFAER A pREETPHELBRBETR B RFTA

B I FHA AR AR A RRERL AR T
BFERER A, RS E AR KT BRT 23
AR RRARLF R ARG T BEREL PAX HAOR BHE S
KEA 0 EEE S kA k2wt i o

(3) &4 p Ml b 3 HETHE
B ERREES LR R RS CFD RN A AL b WL PR
o5 4] CFDHARA T REEASF 2R R BAF T4 TR # 2 e §
Pl oS EHF L CPD g licdp 2 Ay BIM A Tl = M a

Xl



F o2
Fp R R AEEFHRE ) 2R 22 TR FL TBIM#Z
APz p @b AR ki e THRE

(4)BIM 2 A% 5 0 b i1 4 52

22 TBIMEZAFFRER AR G5 2 B8  c SEFRIFT L2

BEks  *# L TFFFTRER G, ~ T2 p R b #3014
BEERE 2 ZASFBIMIDHER 2 - BUZAFAZHET A5 > F
pod LA TERIBEZIMIRFZRETETR {7 &

FpE MR RIS W UME R R Z PMV SR Rt B A i b A2k

? I #- CFD % 3 & & 47 #icdi (pre-analysis data)
EEET o EAF R ES Y A EREETRY 220
T ABZHRITA

%

‘/uo"\f'zﬁu‘ (‘/D—i'?f%’#'

AEPFT SRR EIPMT e BMEE TAT

=T FER
APEE AR A Y FARRE 1 ARY ¢
Pyl M EE A S ER Y
EREFEFAATESAXS KA L 2T 1 Ay orE i
A B R E MG 27 AR A B

Eo TR EFERFRIME K

ELBEEF AR ARG LT RN BB RN o R b B

oo k@i R & FESH - FERERY 2RI ME > BRATFY
IR
b

ERVEER 1 ARAP MR F T R TR E R BT T
AyEE ALY EARL 1A ¢

AN AT NS E 2 PR VB HIFH R TR 1 ARAP

X1



TR R TR KR AP T e 2 AR R e GPS
s TECLYRLEALR R ERE TN

%
FLZ AR 2 b FF RBRES LRI T B Ry o

X1V



ABSTRACT

ABSTRACT

Keywords : field measurement, natural ventilation, CFD, wind tunnel

experiment, BIM, 10Ts, PMV, apparent temperature
I. Background

In the face of the threat of global warming, carbon reduction has become
the world's collective initiatives. Under this trend, Taiwan is also actively
striving to build a sustainable and livable environment and enhance the
application of smart green technology. It is hoped that while reducing the
energy consumption of buildings, it can also take into account the basic needs
of livable space. Indoor ventilation affects not only the temperature of the space
but also the health of the building user. How to effectively introduce external
wind farms, use natural ventilation mechanism to reduce the consumption of
building air conditioning energy, or provide a healthy living environment is an
essential issue in current maintenance. The airflow environment and air quality
in the building often depend on the ventilation effect in the indoor space.
Taiwan is located in a subtropical climate zone; accordingly, it has been able to
exchange indoor and outdoor air through natural ventilation to achieve the
purpose of regulating indoor air temperature and quality almost for six months

in one year.

With the development of new technologies and new construction methods,
the quality and diversity of engineering technologies have expanded
dramatically, and the building information has become more complicated. The
construction industry and researchers continue to use information technology to
provide more accurate and practical building information for all phases of the b

life cycle, and to move toward the goal of building life cycle information
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integration and smart management. The technology of Building Information
Modeling (BIM) has been promoted for many years, and all advanced countries
have served it as the priority engineering technology. From the perspective of
the life cycle, BIM technology has gradually been well applied in the
engineering planning and design stage. However, because the cross-stage
information integration is severe, the BIM technology cannot be widely applied

in the construction and maintenance phases of the building.

To provide immediate indoor natural ventilation decision information to
residents, it is necessary to effectively integrate the external wind field and
internal wind field information. How to get the best indoor ventilation mode
based on the state of the external wind farm has been the most suitable indoor
ventilation effect. In the stage of building design analysis, CFD analysis can be
used to simulate the indoor ventilation results by different building windows
conditions in various outdoor wind fields. However, this method requires
massive calculations and cannot provide immediate decision-making for the
maintenance phase of the building. To this end, this study hopes to use the
building information model to conduct indoor and outdoor wind field
experiments and simulations on the one hand, and to obtain the optimal
information of indoor natural ventilation. On the other hand, the building
information model is used as the information container for integrating the
optimized information results. Then through the development of the
information system, an indoor natural ventilation decision-making system that
can measure the outdoor wind field, indoor environmental parameters, and
query the optimal ventilation strategy can be established.

I1. Research methods and processes

In order to establish an optimized ventilation analysis, the study plans to

XVI
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select a target building with natural ventilation requirements for analysis.
Located in the southern part of Taiwan, the building is an 8-story building with
open space nearby. The interior is spacious and has no complicated
compartments. It is suitable for natural ventilation in the summer. In order to
obtain the natural ventilation and window opening mode of this case, this study
will establish the “Numerical Model of Natural Ventilation of Building” by
wind tunnel experiment and CFD numerical simulation. That is, obtaining the
wind pressure of the building surface by the wind tunnel experiment, and then
introduce the corresponding wind pressure coefficient into the CFD indoor
ventilation model to conduct ventilation analysis of different window opening
configurations. Accordingly, the indoor natural ventilation information
corresponding to different window openings in different external wind field can

be provided.

In order to implement the "Numerical Ventilation Numerical Model" in
the building operation and maintenance phase, the "BIM Building Indoor
Ventilation Management System" was developed through the connecting BIM
space information with the numerical ventilation model. Considering the
factors of system development and usage cost, we used Unity3D as a
value-added application development tool for the BIM model and applied the
self-developed  "visualized multi-dimensional information integration
architecture™ to implement the system integration mechanism.

I11. Conclusions
1. Indoor natural ventilation decision modes: under the premise of the outdoor
wind field and the pre-analyzed indoor CFD wind field information, this study
applied "apparent temperature™ and "PMV" as the optimal factors for the indoor

ventilation decision making. These two decision-making factors are
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respectively used to develop the "somatosensory target temperature decision
mode " and "maximum comfort-space rate decision mode " in the building
indoor ventilation decision system. However, this system is not limited to these
two decision modes. As long as the decision-making methods based on the
outdoor wind farm and indoor CFD field information can be used to modify or
add to the system, provide better indoor natural ventilation decision-making

advice.

2. Real-time environment measuring system: through the establishment of
"Real-time external wind field measuring device,” "Real-time indoor
ventilation environment measuring device,” "External wind field real-time
webpage,” and "Building environmental database,” the study has achieved
real-time environment measuring system. The system automatically collects
and stores information on the indoor and outdoor ventilation environment. Also,
the real-time environment measuring system has been developed based on an
open architecture. Therefore, the various sensors can be integrated into the
system following the potential requirements of the different indoor ventilation

decision-making necessary in the future.

3. Natural ventilation model database: the surface pressure of the building by wind
tunnel experiment is taken as the boundary condition of the CFD analysis for
natural ventilation simulation. The wind field distribution, average wind speed,
and air exchange rate of the indoor space of the target building are obtained by
CFD simulation analysis. Through the integration of the above CFD simulation
data and BIM model data, the design, implementation, and data storage of the
natural ventilation model database was completed as the core of the Building

Indoor Ventilation Decision System.
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4. BIM building indoor ventilation decision system: through the successful
integration of the above-mentioned "real-time environment measuring system",
"natural ventilation model database," and building BIM 3D model by the game
engine platform, the development of "BIM Building Indoor Ventilation
Management System™ was completed. The system uses the BIM model as the
operation interface, and can freely switch to each floor in the BIM model, and
present the indoor and outdoor wind field and environment real-time
information of each floor, and can provide optimal ventilation decision
according to the indoor temperature field and the PMV thermal index. In
addition, through the implementation of this system, the method of storing
pre-analysis data such as CFD and carrying it into the subsequent construction
and maintenance phase is also realized.

1VV. Recommendations

For immediate strategies:

1. Applying the system to the public exhibition space: chose the proper exhibition
place with necessary intelligent building facilities, equipment, softwares, and
hardware system; use the developed system in this study to integrate the
existing feasible equipment of the case. In turn, the development of suitable
exhibition materials will enable the public to understand the relationship
between external wind farms and indoor natural ventilation through the
operation of the system and achieve the goal of promoting energy-saving,

intelligent buildings, and Internet of Things applications.
For mid-term strategies:

2. The research of outdoor pedestrian wind environment real-time information

system: based on the Internet of Things technology established in this study,
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the advanced application of outdoor building microclimate can be developed.
The establishment of an outdoor pedestrian wind environment real-time
information system can be applied to communities, campuses, or large outdoor
public spaces, providing instant regional microclimate information, real-time
judgment of outdoor microclimates, and providing reliable indicators of
outdoor recreation activities. Realizing this real-time information system, we
can make it possible to create a smart and livable environment to further

enhance the living quality of the people's green life.

. Integration and development of indoor air quality intelligent management
system: Based on the research results and experience and the relevant
regulations of indoor air quality management, we can apply suitable indoor air
quality measuring sensors and indoor mechanical ventilation/air conditioning
solutions in the market to implement an indoor ventilation control system
considering both of the natural and mechanical ventilation. Further, through
this system, real-time data collection and analysis of indoor air quality and
wind field can be carried out, and artificial intelligence algorithms such as deep
learning can be combined to establish a ventilation decision mode suitable for

different indoor spaces.
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L2y B EMRIL . T 1% Green BIM % —F:Tf HCA R % AT
7 (2015) | /,,\ajfi,% GreenBIM 51 ¢ ~ B2 AR -FRpEI- 2 F

REErREAT AEEY (iFd s TERARSFREFEM)EY AT

£ H(BIM) % B 484 (2016) | < & ¥ R P % #4038 % ¥ L (FM)ehs B s §

2 p a8 BIM ig 73K % F I(FM) ek bliE (74 473 5 A k3 B ahigd

2 bRy koo e £ P TR E A RS RO A kfadEk s TR

2% B LAz BIMeici a4 miv£2 475 (2017), £ HREp 25 &
=

ZRHAHEFEANRCELL BIM BT § Rwm § o

BXEFLY T BIMAET G2 A2 630 EFET RE <%
ForA > pEYHERRT BIMEFRSFE (FM) 2 2 L H %S A Y
ErivALAF U ARG ZRRF: (1) L% BIMEY §32
PrF ke, (2) HiEY PROTRAKZLIP EOTLE;, (3) #LP
FER Rnie * %k bl (use cases) i £ R B I 00T F AR 5 [42] 0 R
ZRF G A B2 L FE o Flm @ BIM Aov g W eh
Br FE LARETER - GFAER 2 R 2 U T LB SR
W2 WL FF D E- |3~mﬁ—$/a‘ﬁr$”*75ﬂﬂ9 G ) = ST
E R0 M1 E B % 4 (stockholders) i #3512 32 % BIM fosd 42k G 3
TR 2t s o BIM g miF 2 3 B e TR R %
AFE %*’%ﬁd 5 2 A B g1 R S SR RER 2
EERFRT-F T OBIM g R b FiE R ks B Ap

R VT IS TS SEETE

BIM p & a2l p Rl b 2 AP T B SARFH TSRS A
(green building)z #k¥ ¥ 474 5 green BIM 2 % 453 o & 1 e &k fF 5
pa 12 ~ & #v2 BIM-based iz 5 A~ 478088 o & ¢ ¥ I F Hica v e
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bt f S ERedtERAp RARRFIETAL CRFFIY

Py L4 p R b A4 o 8 Y % Autodesk ¢ Green Building
Studio % eQuest & 4% ¥ & & E’Fi TPEEL @ 2 th s HARP] R H 2k 2 bk
‘F; ° Ar*d]‘l} '&\'—"l? j&‘/év\ ’Fq’ = —‘3: %;‘g“? ’%:‘Lé_’ %4’;1 rfj,%l’ YE ‘;g;‘zﬁr ‘F)‘ s %%’l»( );?;}i:

Rz g i - HhFaineFEEs -

222112 BILEAWBIMZ 22 APMAFHEHE EX A ER* /i

BIM software Green analyses® Users” Users®

E CE NV SD A w

Autodesk® Green Building Studio v \ v v v A/D De/OM
Integrated Environmental Solutions® Virtual Environment v v v vV v A/D/E/O De
Bentley Hevacomp v v v D/E/C De
AECOsim v v v E/C/D De
EnergyPlus v v v v E/A De
HEED v v O/A/D/C De
DesignBuilder Simulation v v v v C/E/A De
eQUEST v v v A/E/C De/C/OM
DOE2 v v v A/E/C/U/G De
FloVENT v E De
ODEON Room Acoustics Software v A/E De
TRNSYS v v v A/E De

“ E for energy, CE for carbon emissions, NV for natural ventilation, SD for solar and day lighting, A for acoustic, W for water.
® A for architects, D for designers, E for engineers, O for owner, C for consultants, U for utility companies, G for government.
© De for design, C for construction, OM for operation and maintenance.

FH &R [50]

gt eb > Kamel 2 Memari [54]#-BIM &2 @ /i k2 § 122 4 &
FRFAQ)p S () MR RE B FIL 57 Sy B R~ (3)H
WG EH B TR (42 A léq*;l*{i\giflfﬁémﬁfﬁipx’%ﬁi;q_.ig
o H PR B B BIM i ALY B cha B 43 k2 - [47,43]
SRS RS EARAR OV T R PR M A TR A G AeR e
e e femy BEM 1 B¢ cnfe 103 - R 2 Bl o MBI R F o
PERF A AR Bt o m BIM 2 A2 oY 0% - BB R Liaen
A TRAF LA ol B RMAL] e it GUI T PR
® o Blde > Tu 4 Vernatha[49]#= 3 1 >t BIM it ik g 12 4 3% &
(BIM-EMSS) ipr L 122 > 3% & 2L * Revit B8 0 BIM #73] > i 34
* @R E A eQuest &7 F PFA RS o 20 o A R4RF i * BIM HC
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U mr OB PRI KT EN  EREY P ENE SRS 2 R RS
v AE R R AR
Fa,!i_'rﬁ@:%ig MGREFE o o FRLETRANE 2 W RIen B

3 feié * R hTpEF I o Alahmad % A [38]34#% 1 AF L £ E
E"

e e (real time)stk fE[41] - & * BIM 1% = 1 & 2

Bk e g BIM A - B+ > TR F T
2HAMeEfo- B L5 F PR 5 BIM A (RE-BIM #24] ) o x4
g e gt th s -BIM B S FIE R RRCA Y T LG B g T B R
oA e A g v [34] o Bt > BIM B s g %G 2 4
Btedp B AL gt TR TR AR . Blde 0 G PR
B7 R T (o) B AR EF P70 & o
Ap 4 b= (LCA) A3 i KT o ¥ 123 BIM * i¥ CAD 1
Eqefiga £ 2 B end 4 fz8 (middleware) o * 12 373 LCA #7F a3 ot
14[36] - @ Porter % [53]2 ANSYS Workbench 2. CFD 4 7% 8 5 A # > &
= #-BIM #3148 ~ ot CFD A 4740k 2 1841 5 f R 2 A ks fe
P REHA 7R B i B TP R o

’FQ:}%‘».} E”Lr%flf“.—'_ P\ RNV g}}ﬁ,‘_"‘ A);Lji“rb @ mi@fi" s ?\;ﬂ‘ e

AL e 5 P R B2 £ 8 o TR WIR S K % ‘&’f{'glﬂ' Yo~ HiER

B3 1 A 2D 2 32 /J 5 ?;ife’ # dzi E{Jh;}#lfﬂ }; ﬁ?@f‘uﬁﬁﬁg
Lo R (T A R B L (T o

R

>
F

Bz 8 ER PMVEREEEEE

SR PRERZGABRESFLAELIE  AFT R PMV #i4
PRIPHFL IR 2 AR Y ERip - o AFORE LR EB A iR

ER BTGt Moo SR L P PSR foa R E T FER - T 0
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S

Bilh g L RF A AL YRR SR

MEREZFinE e FBRERE FHOPEE R ARMETLE R
PF o T 0 BB TR PMV g R R TR B A LA

PMV F £t A e T ek R4 B £ 4 F cht 3 A Gk L h
TioiE (54 2-2) dupdce FUMP PP IBREAL ENHERDHE
AP EERATGE REfodIREY C AERD S AR B F Rt
B KRR T R A L T g o

122 £ FRREGLE A BEAR Gl BRI HPMV A

PMV R A 4IRS

-3 & & %4 Verycold & & 4 &4 Extreme cold stress
-2.5 /4 Cold s 7] /4 & 4 Strong cold stress
-1.5 % Cool i &4 &+ Moderate cold stress
-0.5 Heiz Slightly cool ¥ 4 B 4 Slight cold stress

0 £+if Comfortable L3 #JE 4 No thermal stress
05 Hcag Slightly warm = fdcE R 4 Slight heat stress
1.5 &% Warm i & # & 4 Moderate heat stress
25 X% Hot % 7] # & 4 Strong heat stress

3 & & % Very hot & & & 4 Extreme heat stress

FH kR [25]

PMV:}%’]‘%E? HE 5N 2-1~2-4 3= 1k FfF tg fr h[25] 0 i@ 4
SE o RpEE ZFEA TIMMER 2 AIE RSk

PMV= [0.303- exp (-0.036-M )+0.028]- {(M-W)-3.05-10‘3 -[5733-6.99-(M-W)-p,]-0.42:[ (M-

1.7-1075-M- (5.867 — p,) — 0.0014-M - (34 —t,) —3.96- 1078 - f; -

[t +278)% — (& +273)"] — £ he - (ta — t)} (2-1)
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ty =357 = 0.028- (M — W) — I, - {3.96 - 1078 - £, - | (£ + 274)* —

( Er + 273)4] + i he s (b — ta)} (2-2)

{2.38- lte —ta1%2° for 238+ |ty —tg|%%° > 12.1- /v, 2-3)
“T 121- vy, for 238ty —t,]°%° <121 v,
£ = {1.00 +1.290l,, for l4<0.078m2-K/W (2-4)
7 1.05+40.645l,, for I, > 0.078m?% -K/W

Ho ’vai&’ggﬂl'ﬁ?‘é‘fgc’Wﬁqﬁ?’iﬁk‘ﬁeﬁ”’lclii‘ ._’fC|F\"PR}é:

AR ots FE LR EATIOESER var FAAPHERE PR A KE
@ hc S S s ihf-’%““g{’tcl & 1“#7’%\04 R o HvY &1 E.m{’ A’Eg'k
4% 1met=582W/m?> » %€ 1clo=0.155 m2~°C/\No

Bbiad > Fae PMV SR R G P B A L SR BB S
B2 IR BB FEIA O G B R S (W)~ FEM) T

SRR (6) ~ AP E R 3E (Var) ~ R 7R (Pa) ~ Hinde £ thdie(he) - BREA S 4
Beo Fo AHMAHIM) s 2EFR() REZ G F()E 25 4 5 R A (L)
% o PMV 7 % A B SHE ~ ooni e 52 iR BN 2-1)
LB SRS A G R R () BT A RS EE (M) oA R (W)
ok i) 2 THEHERAGMLIPE 2 FEt)SF 13 B
Foug (=it 2-2) @ g flh) bz p 257 20 BER()E §F 24
B2 T AR EPAPER # (Va)2 B (25 2-3) ¢
EMEPMAREIRZLERET CFA L g RE AR B EDFF

¥ ’L‘u“ LB Sl (W)F}: = 00 TR & ()P 7 Bk e f:FA R (t)tp e > 4n
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g FERbEt A REUR T TREFAT SBFFAT

HREVIREER FARdApE o By bW P I M E T F
RERRE CAPHIBAZ FESRET TV S E R T R
* A PMV d o

Bh o PMV 38 7 2 4 B B HT B G T S (R
2-3)s s fln T RBRRIEFE 2 T E R R PMV B 417 5
AL A REIRZEP FEARLEED S -

% 23PMVE L2 FF oA MR

Thermal perception Indices

UTCI WBGT SET PMV PET
R FARRLRS) <-40 -3 <4
(G-¥ szl RA) -40to-27
FAEG AR -27t0-13 -25  4-8
FtGE RS RA [P E B ) -13to0 <17 -15 8-13
Mo (REMTE R 4) Oto+9 -0.5 13-18
(i 2RS4 IR %) +9t0+26 <18 17-30 0  18-23
%:Fﬁi’ (= R ) 05 23-29

B (i R AVRS[EL) +26t0+32 18-23 30-34 15 29-35
U«%‘b(&g 7| # R 4 /Jfé'aﬂ:?sg ) +32to+38 23-28 34-37 25 35-41

(L% 5 2 # R A4) +38to+46 >41
BE LHR(ERAERRS [E%) >H46 28-30 >37 3
B (R ) >30

Fo dR 1 [37]
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FAHERB G EAS ) RL R RS TETAT B S

BE (s C), 2 TR R - E(FHR D), Fx 2o -
B 317 » FpEMHMRERTY)AYEHMAER(T) P A ER
FFIP RER MR R R (Toin) (T8 A 277 B R b F &

HAEP R ETE R RR D R § P RMERAR MM p AL
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™

BB MR ER (T (8 B) 27 &2 HjpBiEp R b > V%8
BEFE-HEE o FIRMEREARAB Y VHE

BMEERT)F(FRC) AT DR ETHRLET Db #
WR A MERFTP R R T FERE G T INR BRI R R R
TR 2 R TN ASTT o S 3 PERMEEAEB Y DR

BREZEZALHRERABFME D RMiTRTRE TR ES L AR IR
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1A 1E5EC
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2 i BAEAKE i i ] i
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& ¢ O>— ¢ >—O0——
BABRSE Bz EE FEE BRBRRE Al 812 B
SRR SRR BEEE  BEERE BEEURE  FEEURE EEURE MEURE
f515i8 54D
b ) EREERE | ! EREE |
” | HERERREE |  qm— | OBFEF | cm— |
m 1 1 1 1 1 1
EE Tt Tmin Tr To Tmin Tr To Tt
a \ 2 ¢ O— 2 O —
Bz BABARE w5 EERE BABABE  EH miEa Biz
BRRURRE BEURE BERE  MERE BEEE AR ERUBE  ERURE

W31 REERSAHZZPEARFRELSHTH
TR KR AT EH

SRRBSL2ZHE AFLHEVR 2 2531 RULRETR
AR o T RIS T ERE L bR # (V)5 b % (D) > S CFD A 17 s
529 REEA A ARERL B KR ER(Twn) TGS RE L T2 MR
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26




CER TSN TN =

BREREM) 2F® ThinZ Ti2is 2T 33 L0k 2ap &

MEEAT)N =T AIvE-HY P EHEER(T)LER ¥ § Pz
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CER AR E RN RIAT A R R BES D RHERAR
REMZFRR G ERET PRUEUL c RAFT A RER PG A
EFETHY UT:IZH&“;I*E? R 2T PN EATE LRE2 B
b2 AR ¢ PN AL R o 1295 W 3-2 e A o
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Rl AL S R TRM
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REFFEREGCEAS ) REB %I TPET AT SRFFY

~EP AR ER (T B
SEHFIUARIL DS RESFEATIFZ PR X FLTTEAS
Bp PEINE T oA ok A B B2 H L RPN RE TR g S R o
B0t Y £ CFD A 17 5 Ad iRy 7T > AT HE T hINR
B2 hikEh e s ﬁsh] ~ ig (input values) » /& _CFD #7822 %% ¢ ™ fie f&
FAMEF T EPp A bSO e RELHRDT P S
BRE (Tmin) % B % 3§ 5 (Bs) o £ Fpdc®l 3-2 4757

= g{imﬁuz(w

=5 AFD)
ESLRE
ESREH)
HE MBS == o\ B L PM
AR ESBZEMAL(PM)
HEEZNERZE,)
(IRIECFD BRI 1S 1 6 [ER A 5 NN
S TERRTE 2t o 4FRARE BIM B £ yiE A
(164) 2 B2 ;B AL EER) RERM
= BAEEREROC,) EAsR R ( T)
B B RO ERIMEE(E)
R AR RESIRAR, N {%1&%&%5%T§<Tmm)
EHE RENERBEZMARA(S) BABEE( E,,,)

BERERRE( T

BENRE( L)
ENREC h)
& H BRKRE(S)

ERNENERIRE
EREE

W33 xpEHAMEERZEAKFFAGIETAE
TR KR AET BA

Stepl. B~ 3¢ h &% b v :
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Flr B PEAE TR RER GER AR ) B TR 3 0 b (V)
R AR (D) B EAREE TR b o BT R F PR E S
Om) e
2B A bR n TR 0 RO R R M B e S o

PERAZPEEF S RAFERAF IR AT TENRFT o T

Step2. i dt zp i b iE (0

Np

PR 2 R R R (V)E b v (D)E G B~ B GRS 64 e
CFD ¥4 A 178 % P F Nk B 2 b o T8 2 X 3P b # &
Om) -

Step3. ~E F N RIRAE B

PP AR BREIRELGES 43) 2FTELE P FE®M)
2 pp ¥R A (h) °

Stepd. & B MR E AR

I B2 RE2L B FpArEFUn)E HHB3 L TP EA()2
R AE(N) BEAN 315 AN 32 REZF R BT hE N AR
B R (Trmin) °

Toin = 1.07t; + 0.2e — 0.650,, — 2.7 (3-1)

17.27Tt;
237.7+t;

e =21 %6105 X ex (3-2)
100
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Step3. BEFF R RRR E

FI*FEZPERRREREE - ETPEZTPN FRG)E PHIBA

(hi) -
Stepd. 3+ 5 4 ¥ MR B

Fle A2 RFLFTEP AR EFUn)E A3 220 57 (1)
AApERAGN)  SEA 322 2833 REFEF R FT PEP G AH
},fg},;‘/'ﬂ}i(-rr)"

T, = 1.07¢; + 0.2e — 0.65U,, — 2.7 (3-3)
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e KM 13bit@1. 6kHz
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E R 3.3V
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M RE GSM 850/900/1800/1900MHz
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802. 11b/g/n
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#include <LDHT.h

) #include <LWiFi.h
0 #include <LWiFiServer.h
| #include <LWiFiClient.h

#define WIFI_AP "ES01 2. 4GHz”
{ #define WIFI_PASSWORD “ES801ES01”
#define WIFI_AUTH LWIFI_WPA
6 #define DHTPIN 2 what pin we re connected to v

W 4-9 LinkIt ONE B g4  *t R 745"
TALkR AT B

dht_dust

$s = $_POST['s'];
$d = $_POST['d'];
$t = $ POST['t'];
$h = $_POST['h'];
$du = $_POST[ 'du’
$servername
$username
$password

$dbname =

$conn = T li($servername, $username, $password, %dbname);
if ($conn)

I
L

echo $sgl=" HeJun.lot_wind_dht_dust d,Direction,tempC,Humi,Concentration

" . mysql_error());
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R R P Rl

P

\)iré»\

EA iz RP|EER HTETF P\?’\EH M pE 2R R *%‘?3%1%_5?']%
B E AR ERBE B Hmp
247 FRMATRFTRERER
EE L bR E LA . RS
BIBRARERK |DHT-22 8RR & | | ‘
- % H }'i\:d% FPNORE '/,E.?igi + Bl
Wb v B ORGE - o
N LI E o BB o
BTRER #y B 9% “ BB | inkitone #4
~ Grove — Air — L& wifi
Sl ﬂ/| . 2 T |4 a
=4 EVELE quality sensor v1.3 =¥ *;lngﬁ Fﬁ-}i@ﬁ%]
G E SRR E i
FEFMcE | LinktONE B # | p &t BB T
e 3 ENE:I SR
RS R =r ]
I NEPRIBRETHEE
e iﬁrﬁ%?% ﬂ~wjﬁér?%ﬂ%&%? BRlEE
SRR NEFFTRERFE L BE A BIA 0 A uE s TR
Fe o

JEVS
= v
=+

PERRE SR

FRZPELERTR

Bk 5




R R RO R e Yk

bl f
OO BEH =
al g ‘:
7 #include “LDHT.h”
S Zinclude <LWiFiClient.h
) #include <LWiFi.h
Zinclude <LWiFiServer.h
| #include "Air Quality_Sensor.h”
#define WIFI_AP "E801 2. 4GHz”
14 #define WIFI_PASSWORD “ES01E801”
Zdefine WIFI _AUTH LWIFI WPA
16 #define DHTPIN 2 what pin we re connected to v

B 4-12 Linklt ONE B4 % p 4 74238
FTRKR D AP ER

$t
$h
$a

$_POST['t'];
$ POST['h'];
$_POST[

$b = $_POST[

$c = $ POST[
$servername
$username
$password
¢$dbname = "Helun'

$conn = i($servername, $username, $password, $dbname);
if ($conn)

7
1

echo $sgql=" HeJun.xka( temp , humi, ,pollution,quality,

‘Could not connect: * . mysql_error(})};

W 413 3P BEFRERAS
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=

P

A wind x

File Edit View GQuery Database Server Tools Soripting Help

S8l e SFEREE @

Navigator I

MANAGEMENT T @e ¥ a |8 | @ | umtto 5000rows  ~ | i | ¥ Q
© severstatus 1e T * FROM Hedun.lot_wind_dht_dust ORDER BY id DESC;
& Client Connections 2

4§ Users and Privileges
[ Status and System Variable ¢
& Data Export

& Data Import/Restore

Result Grid | 1 4% Fiter Rows: |edt: @) Eb B | export/import: B

‘»d Speed Direction tempC Humi  Concentraton  R¥fd]

INSTANCE 3415 169 20534 20.58 8573 156.34 2019-06-2201:07:29
@ startup/ Shutdown 3414 273 20935 29.52 8646 138.75 2019-06-22 00:
A seeiiog: 3413 159 19856 29.6 8691 152.28 2019-06-22 00:
3412 169 205.94 29.61 88.65 0.62 2019-06-22 00:
’ Options File 3411 1.7 201.52 2.6 89.78 389.63 2019-06-22 00:
3410 15 2057 2961 90.36 142.14 2019-06-22 00:
PERFORMANCE 3409 214 20493 2965 90.2  268.64 2019-06-22 00:
©Q os 3408 2.3 1975 2959 90.51 357.34 2019-06-21 23
& pert - 3407 196 20333  29.59 90.45 0.62 2019-06-21 23
3406 146  188.42  29.65 90.03 226.54 2019-06-21 23:36:59
&\ pert s Set 3405 0.92 19763 296 90.25 286.19 2019-06-21 23:26:55
» 3404 135 19187 2972 90.08 254.69
SCHEMAS - 3403 134 21013 2978 90.47 44571

3402 151 19969  29.9  8§9.88 395.93
3401 105 174.92 29.94 89.76 188.46
» =/ Helun 3400 0.98  210.3 30.05 89.49 486.55
3399 094 21242  30.09 88.87 293.87
3398 144 228,59 30.2 8848 0.62
3397 096 23685 30.39 8649 349.29
339%6 178 212.92 30.78 83.79 556.81
3395 223 212.98 31.08 8243 0.62
nd_dht_dust1 x

2019-06-21 22:46:41
2019-06-21 22:36:39

2019-06-21 21:46:24

Output
Information [T Action Output =
# Time Action

(] 1 01:14:56 SELECT * FROM HeJunot_wind_dht_dust ORDER BY id DESC LIMIT 0. 5000

W 414 25 FFRATHRELF AR FTHE
Hkikm: 27780

MySQL V
“® wind X

File Edit View Guery Datsbase Server Tools  Seripting  Help

8o SEEENE &

Navigatar 2 lot_wind_dht_dust
MANAGEMENT > = H ¥ Fa |63 | [ | Lmitto 5000 ows
© server Status 1 ® SELECT number,temp,humi,state,time FROM Helun.

_2 Client Connections

1 Users and Privileges

24 status and System Variable
;b Data Export

‘,b Data Import/Restare

Result Grid | T 4% Fiter Rows: |edt: gl B B

number  temp  humi state  time

INSTANCE
8979 28.70 5160 open  2019-06-13 14:49:12
0 startup / sutdown 3330 2530 6500 open  2019-06-13 14:49:19
A Server Logs 8981 3180 6500 open  2018-06-13 14:
A Options File 8982  28.70 64.80 open 2019-06-13 14

8983 28.70 6480 open  2018-06-13 14
PERFORMANCE 3984 23.70 65.00 open 2015-06-13 14:
8985 23.70 65.00 open  2015-06-13 14:
@ pasnboara 8986  28.70 6430 open  2019-06-13 14
@ Performance Re 8987 28.70 6520 opben 2019-06-13 14
&\ Performanc 8088 28.70 6510 open  2019-06-13 1%
3989 23.70 6510 open  2015-06-13 14:
SCHEMAS .l 8950 28.70 65.20 open
8931 23.70 6520 open
Affteroses ]| lew  m® 5D e
» = Helun 8993 28.70 6520 open
8934 23.70 65.20 open
8935 23.70 65.20 open
89396 23.70 65.20 open
8997 28.70 6520 open
8998 28.20 65.20 open
8999 28.20 6520 open
5000 23.20 65.20 open  2015-06-13 14:50:07
annt JR.I0  AR.IN anen  2N1940A-13 14:50:09
wkad x

hema Setup

W4-15 2FRFRRAFTHELFFIARATHZ

TARKR AP R
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Jr

BRFEREGEAP ) RULR FTETAL o BFFFY

Td 2FpAULKERUFTHR

¥- & 2 yipe

*‘“‘3&

AFETEI-FHREREEENp KRR FHREEE 2 &5 CFD
Bt R EWE P AR R FoRe- BARFEN P R R (R BUER)EHF
FETEEINDR BFRGEE > PR RFFRAETRE BT - Ak
FAR AR R » &b BRFKS > VEL s A BRELERT FERM

FHR AR AR THE RAAR fRr b TR R

A G o R P E R R 3 R TR ONS) &g A Lap g
# i & g F o B 2R A R o (large eddy simulation) ® 3 actE i E £ o

E S kg o HHERBOTHE B HG BRI EE RS
P Al AR FREEF IR o A A F 4L * gostandard k—e model #iE R

a7
=
pou|
i
=
—=\

¥t i & B ok 38 (Murakami et al.,1990) - fe A& %
RANS(Reynolds averaged Naiver-Stokes)#£ i (steady-state):* & 7 standard
k-e model #E E 5 * F & Arfmengdid > FpF %‘? -k ¥} standard k—¢
model #% &} 3 »xei2 & 2 ;%> 7 4 RNG ~realizable k—e model % % /i #23] o
AT 23PN R BEHESFEY RANSE 7 M BEEF &2 22

—

FRAER TR
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$I% 25 RARKERAATRE

¥ & AR
FHERL N LS Ak H (B 5-l) AR S E BB T
1k =~ 5 & 219mx% 51.7mxg 33.9m>d 5 2 k3 rq/hpEd -
BRI Z MR B2 ARFRD B IAERNALEF T RZEL v FESR

A3 AR R o

e

W 5-1 7 12 # 3D Hl

TR kR AET EA

AEA LA TafeEit Ak HY ST GHITERY o 2
THEGERZE BB T RBEBLY o AT ASHARPE RS
e (7 A 47 0 2T 6 BldoW] 52 407 o hde'k T AR UTE KRR
TR B IFY AR 3 P EMNINI ARl 2w (E1-E2)> =
@BIF 75 (S1-S7)o B ¥ WSk 230 A BB T HS A 2 45 (N)~ % & (E) ~
3% (S)}ehg # - BH - 63 ()2E(A0); (M4 RE(CN);
)M LR % (CE); (@M s RIF(CS)E4BHN B F =% 6 ff Fidrd 51
SR B LA HLE B G A% 5 669.638m° s P % 3.52me &% B w2 CFD 2
BYM2BET LN EEAPRR S SREREF L P EZFRE

B AP R BT AR EET S R (SRR ) c AARHT S
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S E S TIENCIEE R N SR RS 2

SUABE R HEEEENIEE P RS
TrAN s R ET P ﬁ?%ﬁ-‘.—» R RS R A

Bo X ] 3 ERMG - REALZ0T T2 2T BT R B HRES
SOHRE O A GATAREY A A2 LRMTE F R AT
N - i
o q T *
=) £ =] 4 “ N3 N2
@ ato : 1
(=11}
o 18- e R B\
|
N1

W52 Tt AHEE R
TR KR AR

251 7HFERIRRTT

BT e B T e (M)
N1 3.582
AL N2 1.488
N3 1.241
N E1l 1.004
E2 5.640
S1 3.440
S2 3.440
S3 8.973
4 Sa 8.973
S5 8.973
S6 8.973
S7 9.362
TR kR AP R
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FIF EPFpRUREKEFEATHE

$= % R FIES%k
ipimﬁéﬁﬁmﬁﬁéﬁpfﬁmﬁﬁﬁi@ﬁ’ﬂ&%iﬁﬁ
- i_ﬁ.é’mi‘fﬁg ,J »'U’ t‘,u'fx)ir-r 779m ﬁk %&p 912m ﬁx“
B5159m: e TP HEhXZEARFTHRT o

FERhFAMET A BRBERE S ¥- REFPRET A By

- R DT AIme & B OTEERE T N U ke 3M R S - SRR 4 F

o % REEEL 26 mo BT RSN ag b o R ERER

~ T %) 255m & 31.5m Eec T SRR R H RO s P TiER > e

FERAPFXR ATz 64 EFT 2 5AMWIGER L L - 52 BIEw

PIfe® — B EdgiF > 3t h F AREARE e 15m Ao E4EE S5 26m
AR EIUFRRIFES L -

ZALBBEHRNTATHET Y - RBRL Y DR EEF > ARREL
365m~ F4m-~F 26m o B F h i 2 30m/se b FTEIRE T AN FE
RFERRRERA R LR DR E VR AN FRTAARMEL S
g Fe ¥ Bl4c®] 5-3 o7 e
-~ BHERSR F N

(=) ki<

BlRERE R 36.5m
PR R R 4m
R 4.7:1

()~ S i 55

B ¥ 500 kW
RS A5 ERBHEMHIRE B

& 474 R FRAS SR
(=) Rk a#
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R FFEREECEAP ) RERFITETAL SR FFY

Bk iF 30 m/s
AR R ER # % 200 cm
FTn R PR R RS 2%

(z) "Bk o RS HAR FHRI AN EIEAF

}ﬁ- ﬁ_ . - y it 7*5;% :E;{
wo_ g & i
B e T
d ==
= — 1 - T 1
=“-T-' i i [ T :
= 1 | I []E Il; [ 1 | Tl !
B g | ral | i EX !
-] — !
= me == s I ;
B saihe | R Elsiteeem i
LF] i e

_‘H"_'_HEH.,

e = i -

N

U
i
i

|0 &= | [[[l_l =] I||| -
T LI 1L LS|
Il coj;oooopooooo mﬁ
. = ¥ — 3 ¥ % 18 A B it S BHA Y|
m | |
1 - oy
| - i 2 Oooooaoao
= i I -E:':b
] : ==
et % = E A E |

W 5-3 LAk A F B AR I
FTHLKR  AFE Y

Z “hERPEKA
@ 2

ALY AE I E TR g R0 d L3 TR T PR
4 Z 0 1% ey 41 4258 (Bernoulli equation) - ¥ J14p s 2 kb i
(b) #vaipl# iR

kot h i35 B4k * Dantec 2 7 2 & 2 £ s (hot-wire)ip| i &g (7 -
AFAURIE RIS DA BB ERAPFE R FAEED B 0 2 MR
=255 xmﬁg%Kﬂgﬁi\@@KEﬂmwyi o & 3% 4-(probe) #+
ETiﬁ&?,PﬁRE?],E}ﬁLEi%m (S ]2 2= R 7}%%—#‘1@1‘0 *3%?



FIF EPFpRUREKEFEATHE

1% 2 5RO & o F A o % (compensating circuit) > F1& 5
B HIREIHEP A2 R 2 e R A FER A2 TR E AR
(F1d 4RI~ 20 TR NE) o i 5

T AT AR o 4ot T g w4 T
RS AR AT R BRI R o F

! S PR
B ‘?’ﬁﬁ?mﬁﬁ?’b&’f? Pl R AR

3 ‘if ‘,}:%’\"T _g_’__,_‘g_
il e
(C) & ik A 4= ¢

J-ﬁfﬁc‘#g}@:}-%iiﬁ*ni‘{g KEARF AL BRI TE2Z B RILE

P oER $5E A FF (2 FEP BLit 45 4 cobra probe)it 7 £ iR (4- )
Bofi L4 F BT wRE b 4R

FE 0 4 3VRA I R
MR EAFARS XY RR BRI A 2KHZ b v & G

koo F

ek

i 45 G
C R AP R RS P A FHEATEINEE
GE - Eal LD L pl i

W 5-4 % 5 £ 3 §

BOhRERCGEHERIJZER o A EEY Sy
TR R R R R TR AL G PRREER Y B
FogJIET @R T m R 2 TR S o A

DF2A & deB] 5-5 Ao 0 B

A % E 5 SCANIVALVE
SRS T

67
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(1) /&4 g Aa? 4 % (RADBASE3200)

(2) % 57 328 w2 #ioi o g 2 #4% B(A/D MODULE)
(B) B 57 A B8R4 R BB £ 512 FRS Fip/E-

(4) H &gl 2ngiid e & i3 8L (A/D convert) 245 & i 16bit o

(5) B+ et 7 i 500Hz

(6) #* USB /5 @i -

(7) & & feRedndls @

8) B4R BEH e

(9) &4 B &# F 5 £10in H20 -

(10) 374§ 5 £0.2% °

FoR? L BRRICZBRIAEEPVC ¥ B BRR B EH e 2

BP0 T RSB AIE f P E SRR @ T -
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FIF EPFpRUREKEFEATHE

¥z & CFD i
VT k] T T A RS UERERIR S 2 AT RT SIS
S A B R D F U BE RS KR T A T g A

FRE il REEAMMEEF Y ER > alcERR AT MNE L DR 4

il o APPOTR F R BEHRT BRMGRETHREAT M LD >
Tﬁ*M'fiigi&%?ﬂ’%*ﬁﬁ%% MR RAEE K e
EoRPEE TR T E LR ML SRR R

# % i* f# 0
PR R L A E N4 B B8 FLUENT &7 b 3fkea 170 8
7 gkt U A i (finite-volume method) & 78 1 freE 101 ko gt B TR

B4 BN e T BN e RS

ou ov ow

—+—+—=0 (5-1)
oX oy oz

ou ou ou  ou 1 op ou ou o
—tU—+V—+W—=-—"—+f +v(F+—+—)

ot oX oy 0z p OX ox® oy® oz

o o o v 1dp ov o o
—+U—+V—+W—=— +f, +v (— —t— (5-2)
ot ox 074 L OX oy® oz

OW OW OW  OW 1 0p o’'w  o’'w  o*w
—4+U—+V—+W—=—"——+f +v(—+ +—)

ot ox oy oz pox - oxr oyt or

He suszv-WERERAX Y ZZ2BF 3w @t 2 FF;X~fy-
fz i34 Rt Xy zEEI2ZAEIPERS JpBE VLALLM
% B 2238 6 4k A (Kinematic viscosity) e FLUENT # *  *U#8 42 5 1 & %
ﬁ’@ﬁﬁﬂ@ﬁ*ﬁﬁﬁ@i*ﬁﬁgﬁ%ﬁﬂga@J,uim%%

A RES AR B i MR AR -

Wi

GRS i-F PERGIE L Yl 3 R R T L S s Y CAE S A

Ffgsmp > Ar e @ R HafR o e v g Fa T e

e
e
&
7—‘-
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B HERERE NSRS RAR G TEFRT B FEY

AP BERERE S o BRRE L 2t SR o i B e
H Ao flde keniefes S @ip S o 0 RfRRSEH S 20 R EE T i
FIBE SRS BeehiE o
FLUENT @ #* 283+ B30 8 e % @ 35— [+ b 5% (first order upwind
method) ~ 35 # =6 5% ~ = FF 2R 2 5¢ (second order upwind method) ~ QUICK
NI N S L
it % FLUENT $efgehgh &% Zhois
(1) EEFEHRN - e PP RBERF > ER BB ER -
(2) ti* LB RBERF > EHREfcE B DBE S E o
(3) it ® AAERFRERE  EH TG FERS P -
(4) EH» P E P REA o
(5) * % £t ¥+ (relaxation factors) °
(6) ti®*ims Rz > FH T FAS 5 & iz o
(7) #HorEr AR R TS RE o
(8) %timHFig {7 4= 42 * (initialization) -
(9) F# K242 T 4L B (monitor) -
(10) Bdpdp e 55 -
(11) 4%+ 5 2 fear 7 E @A LS 715 S Rp 7% 2 ki .

-~ X
FHRERERA S - BEE (mean) fo- B#HEH £ (fluctuation)

U=U+U; V=V+V W=W+W, p=p+p' (5-3)
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CEE R E RN 38

M G-I B3N BN EEER IS 8 AN T HETLIER
Rl (Reynolds averaging principle ) ¥ ¥4 i 2. & 45 #%(index notation) 3] 3% 2.

= fg gl

ou,

a—Xi = 0 (5-4)

CLTRMTNL I SRR VAL WTTSS W (5-5)
ot OX; p OX; OX; OX

i i

i ¥ Boussinesq ifs #z-4kF A& i (eddy-viscosity hypothesis) - (5-5)

¢ ¥4 (Reynoldsstress) 38+ 4 7 & -

— u, ou;
—-u. u. :ﬂ(%+_l

2
i )__k5ij (5_6)
p O0X; 0OX 3

2P ooow s FAF R (eddy/turbulent viscosity ) 5 k

(=u?+v'?2+w'2/2)% ¥ in# i (turbulent Kinetic energy ) &; % kronecker
i

delta & #c -
& k-& model » - i & AkF & (eddy viscosity) ¥ o 11T 2 50 @
2
e = pCy— (5-7)
I N Iy s @;ﬁ?]" AR-F B fr oS & o Aeis
%(pk) +aixj(pkuj) = aixj[(“ +Z—;)§—)’:j + Gy + G, — pe — Yy + 5
(5-8)

e?

9 2 (peu)) = = Be) 9 -
ot ('06) + ox;j (peu]) B ox;j [(H + ae) axj] +pCiSe = pCa k+vve +

Ciey C3eGp + S (5-9)
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R FFEREECEAP ) RERFITETAL SR FFY

2 54 # A5 47 4 =3 (production term) ~ i $7 78 (disspation
term)f- k=g 78 (wall term) o & 58 ¥ 84 %) 5 C, = 0.09; oy = 1.45; Cp, =
1.92; o, = 1.0; 0, = 1.3; Pr, = 0.9

3 FoaeiAlsk * Realizable k- e model - ¥ standard k- ¢ model
f*RNG k- & model # e e = &3°C, 7 £ 2% #o0 5 T 9% i F chanfic

BT oSeEey

Cp=— (5-10)

Ho
u* \/S iSij +Q Q
ﬁ .Q ZEijkwk (5_11)
.Q 'Q'_U — Eijkwk
_Q_ij; v d R By YEdE el L4k ¢ 1 F] en-T 193 g8 5k F (rotation tensor) »

A RS F BeAgfrAs Tk e ts

Ay = 4.04, A, =6 cos ¢ (5-12)

-~ HEERR T
(1) foiepe s
FH AT = a7 BRI B RRCR 5-6) Azt -=“r#'°
R w3 VMR BRI RRRG Y E DA EFARC] gk o
Rprgr2oypl > LTHAMER(Ie2TF -2 F - o ) ke R
et BELEHRBIUE LB d B ot BB 5oL 01m B2
G 03m AT 5 411,219 -
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:fv'i'fql. #ﬂﬂ’*d’&ﬁtmfw’“ TR

Shewrness Centooid

076074601

063467141

03042984

W56 FHEERIF TP FHEE
FR &R 2y g4

) FEEEFRE
EEMPRER DR FY B E FHIFRES 0 gt AR
(Steady-state):& (T ¥t & 3 H % » ¥ LB AN EF R FFH T BT
MWoooptvh o FH AR 1S e 42 58 (two equations) 2. ¥ i 13 Realizable k-¢

model » ¥4 452588 & 4 2. Ejn(wake) ¥ i % 20 o i 2 AR s #E 2 AR

B & > 4258 (clousure equation; k & g)2 7 £ 35 % 10 o 4p B HH R 2
#4520
AR EE RN TR T B R R M R R (wall)iE o B

TR R A &) R A O~ S (pressure-inlet) 2 & 4 g (pressure-outlet) o
YFEZXR I~ bR EF S T 0 K ¥ v % A (turbulence
intensity) 5 0.05% » ¥ /inff 4 & & * & (tuebulence integral length scale) = 1

m e
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R H R VR RS R R TEF R SREE

%52 BER SR T

9

i

-3‘.1\?,
(ﬂ}

#-7% Scheme

#& i Steady-state

¥ ;w3 Turbulence model

Realizable k-¢ model

7 £ Residual

Continuity: 10

X-velocity: 10

Y-velocity: 10

Z-velocity: 10™

Turbulence kinematic: 10™
Turbulence dissipation: 10™

& 4~ ;i Pressure-inlet
K& 4 d15% Pressure-outlet
e Wall

0.05 %

1m
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FI& 25 pREREEFITHRERFERIF
- S RFRBRTELR
dONT R AR AR TR LS ARGT 0 Ry Adat
bR ERK KRR 2 FRERAEFRFT SRR FERPE4oLF 57
EHAFATHE E(UH)Z 103 mfse 2873 b F HCA5E R 3 1150 #7) ®
+ 5 & 015 mx% 034 mxF 023 mo FA RS HiF, ¥4 118
RELTEEFRERBI - A RABPTREFEAH 22279 139
BhRE 4D BHRE 12FEBE K387 BRI EARI REN
B RS Y L R R S MR bR P o 3R 1 F 22505 Y
ki > 5217 16 b v & 2 b RGESR o & B b RFERFERM S 5 150
Hz » & iplps R 5 5 4 4b o

VAR R e b 0.02m rdAR T H s 3m)ER B L A4 F o 2R

Ri#2 hohw FLEFEARRL»2h ik G0 0k #E3T
P h Y B R R R REREL  FEEF A2 kT
BRiE T2 o

W57 k iFiFHRAE

FRER AT
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R FFEREECEAP ) RERFITETAL SR FFY

B o iR AR R AR 0 M IR TR G 23 2 ik dpdp T
(power law) ¥ §F > H = 3440 fs -

U@ (zY ]
TKT_[H) (549

.

Be z 23y e 3R HLZIZHABR  Uys is
kin Lok v FE o b

RN 165% AZAB RS 14% F kIR TR @R F

o AR o APT UBRRTIRERIG TS e

LA
(a+0.58)
lu(z) = 0.165 — 0.148 (Z) (5-14)
Mean Velocity Turbulence Intensity
1 1 1 Q : :
O F o Hcdy O 7 = #cH;
0.9 7 E ’ l: 0.9 X —‘;ﬁa o ;f
0g Il —ihiEiEa=015 08
0.7 07
0.6 0.6
S &
" No5 %

p
o5 £ %
0.4 g 0.4
H

0.3 0.3
0.2 y 0.2
0.1 0.1
0 0
0 02 04 06 08 1 12 0% 5% 10% 15% 20% 25%
£ AR # (UU,) TnwA Iu(%)

W58 RiFRAFFLEOREFATINER

FHER: AFT R

AEE P RSEERTIERE - A R P R PR



FIF EPFpRUREKEFEATHE

BB R e o itn FIEARE IR R LZ S CFD B TR - Flot
T AR FFRERVZANT R RO HALTE LSS IR TN

BEFUAHRBEAEL DR EE R > o

AHRERREGREER T FALERFFHRT B EREATIR &
Fah e FEARDALESLRIREFHELE 0 BHHR2 K
R FUSE 59 LW AR T f o AR R EFR P EF R
L R E NERUE-E R S St TERR-S S A R S S S

Kb B w5t 530 AR AR R ALE S B o

dois

U, =24 (5-15)

USETLSOT

Ho¥ Usensor 5 &7 Ah #2280k d 2hoBF KR ERE?
Z R B R LB 510 WO IR 0 boaE bt B 0.89-112 2 FF o A A R
(45°) 2 2 & b PF(90°) % £ B 7E 2R b HoR

P TERRR HP] R R A apRIR 0 o3 1o

G PR R0 Rl 3 1o HAeRR

dRHERTRIFTRHETRES 20 4 50T H R

(2) b reigde  fIr AT BN R E2 16 BRh Tk
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Clothing Description Garments Included 1., (clo)
Trousers 1) Trousers, short-sleeve shirt 0.57
2) Trousers, long-sleeve shirt 0.61
3) #2 plus suit jacket 0.96
4) #2 plus suit jacket, vest, T-shirt 1.14
5) #2 plus long-sleeve sweater, T-shirt 1.01
6) #5 plus suit jacket, long underwear bottoms 1.30
SKirts/Dresses 7) Knee-length skirt, short-sleeve shirt (sandals) 0.54
8) Knee-length skirt, long-sleeve shirt, full slip 0.67
9) Knee-length skirt, long-sleeve shirt, half slip, long-sleeve sweater 1.10
10) Knee-length skirt, long-sleeve shirt, half slip, suit jacket 1.04
11) Ankle-length skirt, long-sleeve shirt, suit jacket 1.10
Shorts 12) Walking shorts, short-sleeve shirt 0.36
Overalls/Coveralls 13) Long-sleeve coveralls, T-shirt 0.72
14) Overalls, long-sleeve shirt, T-shirt 0.89
15) Insulated coveralls, long-sleeve thermal underwear tops and bottoms 1.37
Athletic 16) Sweat pants, long-sleeve sweatshirt 0.74
Sleepwear 17) Long-sleeve pajama tops, long pajama trousers, short 3/4 length robe (slippers, no socks) 0.96

L kR Wikipedia

W 6-2 PMV # ¥ § 28 H

107



bRk TREERT SRERT

Metabolic Rate

A Met Units W/m? (Btw/h-ft?)
Resting
Sleeping 0.7 40 (13)
Reclining 0.8 45 (15)
Seated, quiet 1.0 60 (18)
Standing, relaxed 12 70 22)
Walking (on level surface)
0.9 m/s, 3.2 knvh, 2.0 mph 2.0 115 37
1.2 m/s, 4.3 km/h, 2.7 mph 2.6 150 (48)
1.8 m/s, 6.8 km/h, 4.2 mph 38 220 (70)
Office Activities
Reading, seated 1.0 55 (18)
Writing 1.0 60 (18)
Typing 11 65 (20)
Filing, seated 1.2 70 (22)
Filing, standing 1.4 80 (26)
Walking about 1.7 100 31
Lifting/packing 2.1 120 (39)
Driving/Flying
Automobile 1.0-2.0 60-115 (18-37)
Aircraft, routine 112 70 22)
Aircraft, instrument landing 1.8 105 (33)
Aircraft, combat 24 140 (44)
Heavy vehicle 32 185 (59)
Miscellaneous Occupational Activities
Cooking 1.6-2.0 95-115 (29-37)
House cleaning 2.0-34 115-200 (37-63)
Seated, heavy limb movement 2.2 130 41
Machine work
sawing (table saw) 1.8 105 (33)
light (electrical industry) 2024 115-140 (37-44)
heavy 4.0 235 (74)
Handling 50 kg (100 Ib) bags 4.0 235 (74)
Pick and shovel work 4.0-4.8 235-280 (74-88)
Miscellaneous Leisure Activities
Dancing, social 2444 140-255 (44-81)
Calisthenics/exercise 3.0-4.0 175-235 (55-74)
Tennis, single 3.64.0 210-270 (66-74)
Basketball 5.0-7.6 290-440 (90-140)
Wrestling, competitive 7.0-8.7 410-505 (130-160)
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