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Abstract

With the development of China’s economy, accelerating the urbanization process,
improved people’s environmental protection consciousness and healthy and
comfortable concept, micro-environment problems of urban resident sub-districts
have attracted more and more attention. Micro-environment within the resident
sub-districts includes the wind environment, pollution environment, thermal
environment, light environment and acoustic environment, ect. In this paper,
numerical simulation of micro-environmental flow. pollutant dispersion. thermal
environment in a real resident sub-districts of Hangzhou was carried out, made a
series of important conclusions, providing definite reference for housing planning and
design, avoiding the aggregation of outdoor pollutants and improving the outdoor
thermal environment.

Firstly, RANS (Reynolds-Averaged Navier-stokes) simulation of summer typical
wind environment in the resident sub-district was carried out. The results show that a
large and tall building in the upstream region of the resident sub-district is adverse to
the ventilation in summer. Although a large open region near the ground is beneficial
to the wind environment, making the flow more fluently, it can influences evidently
on the surrounding flows. Moreover, the distribution of streamwise velocity behind
the upwind building follows a Gaussian-like distribution, whereas it deviates from the
normal distribution in the downstream region.

Secondly, author used the LES (Large Eddy Simulation) to simulate the process
of dispersion of automobile exhaust in the resident sub-district. The results show that
a large and tall building in the upstream neighboring region of the pollution source is
disadvantageous to the streamwise dispersion of automobile exhaust, causing
pollutants gather a great in the leeward side of large and tall building, but it can
accelerates the spread of pollutants along the height direction. Complex distribution of
buildings in the resident sub-district determines the complexity of the dispersion of
pollutants. Spatial distribution of buildings near the pollution source obvious

influences on the dispersion of pollutants. Unreasonable Spatial distribution of
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buildings can lead to pollutants gather a great around the buildings that close to the
pollution source, resulting in wicked pollution environment. Furthermore, maximum
root mean square (RMS) concentration of pollutants is not always appear in a position
that is most close to the pollution source, which may occurs in the downstream

neighboring region of the pollution source.

Finally, RANS (Reynolds-Averaged Navier-stokes) simulation of outdoor
thermal environment in the resident sub-district was carried out. In the calculation
process, the author have performed coupled simulation of convection (convection heat
transfer between air and building surfaces or the ground), radiation including solar
radiation, radiation heat transfer between building surfaces or between the ground and
building surfaces and conduction only considering one-dimensional building wall heat
conduction and neglecting heat conduction in the ground to evaluate the outdoor
thermal environment. The results show that solar radiation including solar altitude and
the value of the solar radiation and spatial distribution of buildings in the resident
sub-districts, which can influence on the building shading. radiation heat transfer
between building surfaces and micro-environmental flow in the resident sub-districts,
are the most important factors in the outdoor thermal environment of the resident
sub-district. Relative to the ground covered interlocking blocks, the ground covered
grass makes the decrease of outdoor air temperature (other condition are the same).
Pave the grass in the upstream of windward building is the best measure to cooling.

Large areas of grass can make the air temperature fluctuations gentler.

Keyword: resident sub-district; micro-environment; RANS; LES; automobile exhaust;

solar radiation
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WREAFRRT RAYH, AARANTEANT HTLEENT W,
HEISE®4 A RARRHHRET 2 AAABEHENXET Y (LB ¢
BEwW, EREAVMATIERE, 12 ARELHARE THRRRETETE
TA kRN, RERERNNEERALRARFRLONRE, RH
BERAHBARRLARFARTUNEE, AT EREALRERFRE, X%
T4 TE LG EMRERRRK.

YEEPV4 A 2 51 0] B A7 7 0 o 99 o0 49 OR JE 4R 28 0 7 R o B3
BETAALRELEAR (puff) ¥ ROHEREG R THEES, HXA L &
E (L-Moments) XHRENGZIH X EHMELA, H L3E (L-Moments)
RTHRRERERKKRF AN ENE - SBAEHRFNE. ERRARAR
AREHBESELS ML A%, ROTACH P Axt s+ BERRTE— R
FTAREARG G LMY B LR AN BARE T HAETA
FEEHERER I9MRA, ZRERRA, REFELARNTLEMETA
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FEENRRBER, BRERGNEIRL KRN, 3 AR K472 b
BAEES B LORERENTFAE, EXTFELIR (plune) #kERER
Wi, TOMLIN®IEARBE T R0 — S+ FBon 2Rk, ERE.
—RANERERT TAGNE. K ANREIANEER L, BFRE %
AORFETFROBE, WA+ FHEORARAN L 2R BT BEEAAN
w, B LtFROREEAGERE, FRXEMEHBETH—AHFORE
R, ERARBEANRANAEEEL, HEFH-EUEREREL L EHE R
ATk, MARETFBD. FEIT HNERBRATENRGXEEYT, B
BAFERAT AR A R BREENTHEE T ARRABELANE
B, AWEH—RURAT B R R— AR EREHE R L.
HASSANP A k-epsilon REA M T — B4 ERANEF Y &
AR BENEREFHERAN B A BOR AR, REB2IWRERAES
REFANFEEHTLE REFLEORELAENAE AN AERE L 4,
ZHANGP"4E AR B k-epsilon 54 8 B x4 AN 3L 7 dodh A 3473 30 fndr SO A,
1A Froude & FRFHEWL (W) BE, KIY Froude $MF 3 8¢, ¥
NERPLBRERARANEE; U Froude KAFETF 3 0, AT HAKMK
B B0 B4 5 R 8 B LR JE X B RN . KIMPZ% A A ) RNG k-epsilon 3% 34
AER T AL REERRTNRTHR TEAARAR DT RIL. FHET
AR RS AT R WS AR o RO BW, R AN AR AR i
Ryy R EHBNE W, IRERE AR H AR FRE KT ALK
HRARZAER: YARZETRANTELEF A AL —HAER,
REEEREARE S £ QN DR X FAERA TR, A D RR KT
ERTMAEANG Tih%, ERANPCHE, BENyHQBLTHE; 4
R ERAMTEE LT A ERAE 520 EXHMERE - #ragR, X
AU B B Ao B — A AL, B RN DR AT R A T AT A
R RE A KA A; YRS A TE &7 ok AT 2545 2 1]
AR =HEAERX, READRRAAFRELFERZ AR,
HANZRARTANRAZ AT, MENKAZAEKA, FREAERAGTR
PR, BNKEARATR, FRNETREAMERATL, REY R b4
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BT KE 22 A0R 3T i

WA, XIEWVE A 3 B LA SE I B R R R T 18 AR 20 AT K A B
% (LES). ML TLHEAZEFHEELF. FENILT. WARIHE
REZHAARERMEERERB T EFARGHIIHESHERBMILE, R
AEREZATHAHELEE— MY, ERERAATELAENEN
#£5%. COCEALPYE AT LI SE M A R R R W TR E W B # 4T EHME
B (DNS) #%. iIA% T ERBNGTHERLIF. BENILH. B£
Bh%, AUHERORARREEG THENTE, MNRARETHRHIEHE
ERBNFT AR TS S (Dispersive Stress), WK EATHEE &
HHRITASE, AEMAFTRERR. SMOLARKIEWICZPIE AR F A
W ER AN AW E 2R T EE T HERN. A A125 R A Rk A7
# # ¥ 3 ( Terrain-Following Coordinate Transformation of Gal-Chen and
Somerville-GCT ) fu& ® it R (Immersed Boundary Approach-IBM) RE#H £
FETLE, ERRALEARA LN B — R ERUHBERRAARBRERRA
THEN X, BERFAMTEHESTAREN, HFERRAFENUHEREE
B, ER GCTHITEMEES T IBM 4 3, 3 LA AR ARE ST R AR )
BREFRRRFPEOTLE, bEALRHTEE. YU-HENG TSENG™
EAMELHTTELE (ZEERNETR) AR AT RAY BT T ARE
M. A2 #TT ERAER. FBREHENR, KA EREEIH 684
DA i Ao T AR AR X B hr % B B 30 AR (Scale-Dependent Lagrangian Model )
RAFEBHUELBF TRARKIPEEUT REFENRDNABREREN
TERAEE, XIEPEAARKTPOE-RETLENRARRY H#TT
KRER, FARTEMERT RNXKEN A EFNERLET BRET 5
#, HATANRANE Im 9B EIWERER 1s 9 EFKBESHTELBTT
LEHTHBEROEN. FRERKABAPRTAHANEA RIS ERE
WEW, ERUERAAEARRERB AT B ARN RN, Waps
EMERENR EBRLEFER, ART HXBRAKAR S N B A4
Hft L EA X,

EHREPIANARBEENTERAR THEARAB R LU RS EHNEAY
RARE AR A WK RAFHRERAT RARN DN, FREREN, FHk



WL RFE B8 3 %ie

B T DUR A S0 8 B AR SR BT R W30 BT R ORI, &
RABEBRBAATEDT BAT AR BRAAARNGRANGEATERE
RANBEAHERS, AREZANBENTEREZ AN EE A6 E kA,
FARGERA, IUERMNERDMRAYNRTRAAYNBARANEEE
X. BEPIEAR-AMIEE AR X0 AR SN EHRGTE LD HB
THREEM. ERRY, AHAFTEAGT, XXoA5AFTRAHER K
FUREADHTHMER; REGRMREGIARIARZRNER, 717
P& RAS G RIKERR,; XXBORAAAOBRERAREER, 15
FAREEE NG LY TUARNEERNHHR AT, RAFHX X B
RWEHET RARENER. KFEAMRAAREMT At — ANtk
YR B ARG R TR RAT TEBAR, L L RRTHEN N 2R A
BERGEN, HRAREANTHZANNEGARERIAL. FAELA, &
REAREF RPN A N TEBOLERUR, BN TRAN T RE 2B
R F T 77 R EHE AR KRBT o 3t — A £ Rk 4 Y
BWAERLZEAWRAET RARATTREEN. FREREY, BEAYWERR
FHIRE ST N AN AT R 87 8, ERARE L% 2R % A fo
DEHNBH. AAPEANGREEAY R R 1 #THEER, BT
T ARG 9 g FL A A B R T e 30 o KUl A, = v — 2 451
BERAMBITEN, BEERGEREANATT LR, ZRXY, BHERAY
K, ERZEE-NEAEHZEARKE, RHLGREA, EARERAK,
REAERNIAR. BHZARNEREXVRZAMEEFEIN, FUNEAAK
RREFHRAGRERALZY, #HYHARAES. pnEBIEAHA L
WM A RITHZENELAE 7: 00 2B L 17 00 89 Rgfo 2 i 75 e 4 ok
BOAGHTHR. kERA T RRA R A B THE AN %, LHT
BRAFNTRENARAE, A ERA TP X T RABER R HAF B
4. BRWBEFRTERNTRIRE, 24 T RAW LT EHA TR0 B
¥, BRARAEGERAATRARENIEI, KB TRT PR AT SR
W H A AR

1.4 FH RIS E WM R &
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A FRTEANTH, ERNFERATAGHE. HEEMN. HaMER
BRI EHRTHAR, E—RFAR+T, BREBET—EHAR. B, —HUREZA
WRRTERAENGZEBE. ZEABE. N&. KMEFBES - LupE
SHATAGNE, REAHAEIBRTELARE, RERUEHMTE I
WESBAARRFEENY N XL, RERAPMV T EFRNENRYES
Yor 5 ML R#TURP, BAKERME AR ER. K. 4%, AXEHH
THRQAANMMERDREATT A RYESENE, AEFREE ZAEE.
R, KMEHBES, FAA—FTHIARTTAG AR AL, AR ELNEH
FREAREN L, SEEFAETHARGFEEN 44, ERAMNbREE—
HEARERTREFEMARESHIRHE. NAGARAIE A5t B A KBLH ¥ —
AR EARFFERTAGUERFLAE, ANIRET SHAELENRTHS
HRAHENESBANELR, ARl AN AEEF N EIART 5L EZREESY
REEEXE. RIIZNER D REAZ ABE AR, XAt 5H o RE
EERIBRNER. YANNASMIZ A AR FCELRERTTAFHE L
B, ARERAANANEEN KL AN EABRE. HAEE. ABRERES
WEHZR. 0K Embankment X3, § L ALEAFEMRAZ EHEEZR&K
A, AEREMEAMEE AP N RUTEL EPFZARBRELRR
X ERRTHEEHNERE, MNELRRABHUGZE. MITANAMES
FHBEAHREMESARENFANAEERE, FEAFEh KRS AR
B—E. EH AN, RENELRXAEREEABTRTANTHRALR
— AR, ATIERIIESET - SRMEEHANTHRE LTS HRTA,
Wi & B . BONANE At £ B T 5 N —ANE R RHTHG R,
HRERW, EEFERBEWEENE, KPP ABEANELY, ¥ER4E
FRAPEEEERDRARFEFANE TN, FHEARS R EESER
W AR R Y, TEASERN R, FUERLF. 2AWEEE
AHFHEIMNEREAGRFAFZLEENTH.

ALI-TOUDERT®% A f| | ENVI-MET #AHK T X HReTH KA EFF#
R F#n A TAATRGEEGYH, FRALEFHEE (Physiologically
Equivalent Temperature-PET ) XFHARRFEE. ARERKATFAHHRE L
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fodl R AN PET WEEM PR a RARGH R L HE RPN,
RERMNBERBE RN OERAEANZAY AN ARG TH .
TAKAHASHI" At A Z W ZA RS A RIRFATREEM, S22
BYRERBER. AFRERK. BX/ . t1HE T RENZEEE. B
BE. REFHRERBE. EREARAAEREUNEXR) 7. HLAERE
ERNZREENEBELEAAERE UMY AFRES, # EEMUE R Il
RERFEGY A, EREBEN 45Sm HPEL, RBEWENLEEN LAY
MAERWIE 40%. EH AN, T EHANTREEAFX%. HONJOP!
SARBEEBATERE TELER. ZUAKNPRTRIENTH. £ 5%
W, FUBRTHFEPHNEEEE S ZUERAZLERERESH X,
NEBL FRAMRBEH LKL, HUANGP S A AT TR E—B LK
RIAFAHITREEBAL. FREFEBETEANK. BT TLENKRIES
PEAMH %%, RAFEAHEE (Standard Effective Temperature-SET,
¥ % ASHRAE & i 5 X FARMBFHR N N EAH, CAETRAEE.
R, BEFRBRANZEYH) OZEAITRINATEFER. K LSm BE
AFHEH SET 2A %%, kHFAIX-REGRAAELFURTS, HFHA
ARHENERRAREHRERARDNER, EHRE. BREEXETH.
CHENPAZ A xR % — B RANR W #RFHATREERF R, HETEAAR
BNNEEM ., BEM. BEMGTHEREELSF (MRT). tEXA
SET (R QAR INER MR AGARFEE. REHEER, FHEHT
RHANKARIPFHEN, b RARADNT . AARUAHE%. CHEND
SANERBERMUTERE T ANER. RARER. Kb AQELER. %
BAFFHFENH KK OTEMACHI # KYOBASHI FAN X 3% $ 5F 35t B,
# 9 OTRMACHI R EQAFE B EZH, T KYOBASHI RN Uk E#4
AE. FRRKAERANER, DRSS RBIABRNREE M TAFAEE
(15m) AF&EEESHiEKE. % OTRMACHI K, BRpEHBKYREx
AMTBEATFELZABEREARNE Y, ERRETREAHEE, #Hx
RRERKBAEANBREAGFET ARG,

RBFEAX PR R R R A S ARA, MERGERAFTRET K
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EER, FRTHERSTRGFHEL. TLEMR. AXRURTRAHERS
AE AR LEH A GERAWRITEOPH. FE AN, HRLELT RS
RE. REFEAGYH, FHRLLHH, ELHEHRIRT, HERKE 1 11
B, HERAARGERRE. AHERARBHAARET, RARRFETLE
ReEAAEFERARARNEAREAR. RETLEARE YU EAH B
ARAFEEAR. FAANGERA RT3 £ ERAERTHEERE
BHEKEL, WAEEANELAR YR, HERSFHURARE L ORRA R
FE+ A, SRS RIRE PR A F0 e RAA RN ERMKE T, RS
Rrtfri e A iit. Mv P A EAY. ERADNEAZANKRADIARE T
B, 2AEVIEANE - BREAEANFRATTRERN, BIRAZEH
AR TEERETEFRASENEZARATBRLE N TE, RRT TR
HHERHBEEREAERM . AEIMEAS KA, RATRATEREENZ
REE, MATTEEEE URAZHAREA KRB B RABREAT
k. BRI BARFUHHESKE TREHEHEAS KA BB, %7 %
AKBETREERNHHHEPAERE ANEREATUEERRE TH
Bey—sdt. HEVIEA CPD %, MB#TANERFIMERENBEUKE
AREHRAR. A&, 2A0RE. 48K, PHRABENZEMFRHTHRE
B, KT RHE AR AT £ R RRR R ERR AT EINFA.
HREN, MEGNLESRERAMNBEITERE. THRAREURTHER
BE, R, AREFEEARNERK. HARELASTHAEH, Fagl
AENEETDERAFERTHEEN, REZHARERSHFEER, AT
AN RREAGRERLI. EEEZMK. ERBHITENE, #ATK
HEAEEPHER MU ERAUH RV ROTH IR EE, ERREF
B-ANPEHHREEARZAZRTRE T REEH HREFRIETERR,
HRATENEARS. KMEHPEASRBETHAE. TENEAF
HENEARFFERTREEUAR, AR TOHFEIAT, KREHERT
REBEAERL, HFRRAEE. TRENE. READEARFTHRHALT
Tk, ER&W, PREAFERIN, ERRNAMBENBRELAET, 3R
WAREARA, RETREAE BRI KBRTUXEESNATARE.
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Rz, BWSNEEMARABRER S 758207 R RIRFEHT T AEW
ERRFROBEENE, BAET FHNRR. AEENEEBR LR A EIRG
TREGIRFE, ANEETHFEAARENT &, BAMEAT KEKFTHE
HANTFASPEE. BEREFAABE ARG E A0, MHRH LS
TRENTEMBTRAMTET L RAYH, KEFREFREANR, £
AREREEBTE. T EATENALHRY, FTHERAEEREEH L
AHRRERTREANHFE L. ERARENTRCERSBAEA,
RENETEEZARH O WENRFRAER T % LR TERRNGFE, 1
BERNMBTHERANFUASBKAA AW E LR,

L5 AR XHFRNE

ATRABRFRELBAREHE R, AXEEARMNEE BADKAHRFE (R
HE TRARFONI) ST T REERGFE. BEARE, A¥EEAXY
RAREABREFTZHLT:

F-ERARANARER. EXOXRER. TZER THTRTERAD
R ARIFE (EERRIE, FRAEORIFR) N BREL H2NEET
EASMKABHAR S, FEAT P EANRENR L.

FoETENFTHRERNMEARKE (EEHRRE. 5RWHE. #
IRyt 7 R R R S R A R Y R A R ARtk s O R Y B
F k.

FoEEEAAMNE-BERAR AR FAERFFE#TTRA (RANS) ¥
EEN. M TEERPMENEEDE, AL RIBRENELBRANME
Hikfh FEE, FABEERATTRARNG TR ELHN, B2)7 -2
AREXNER, AESARTHRET -5 L 0% 5.

FEEEERAAREMR (LES) FEANRHAERAT Y (Z4 1K)
WY BRARBT T HEEBAR. AT R RAENLERUT AT BN
B, HEET-LHEEXNES.

FEEEHRAEETH (RANS) FHADREARIFEHT T HEHE M
HE. A THRM20094F7A21 8 4HERMNEANNHIFE, FELRTR
FARAA (R EREEHR) AR EARFHEGYH (140), BHT %
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F2E BRADNEBREHEEUNEARE DA 3%

215%

RETRZ, Hsh. EHPy RARERBREETERRRANTRAR S,
LRGN FAN XS RE R, FARLY RS RNGHH. Ay HARE bR
RANIANMEAGEH, WRETE. 2 ETEMRETERE. F4, &K
o R REAT RS FERBNARRERAR, FEHFE, 2HRE
GURTR. HETESR. RETEIEAGEREIR. BRFBRKHD. ¢
Rfy MR BN EERT R, BE-NLBRAFE MR, ROLAIA
HERA-MEERAG (WH AL REE). RpHE, FTFIRLF
BE NI E R RAG R A0 B, b FHF LR TR
B RARDBETEARAINMR. F—HE, ELNHETHEETHENK
RO CEKRE RABETERBEHTRATHERBRARENL R, A2
FIRLTHRERRNEXRAR: ERRERE. ZHLESHWEENY, A
HARAERA LNERET, BRRBE - REF kR IRROX TENME
BENRETE, XRRABARALYEENME., XLBHA LRKBYEEHN
FERAUNEENRUERD. KENMETHRERNMRABIFR (ZEHA
FH FRUFE. W) QBT BT RRABRLE G T RO REF %,

22 BERANREARFEH B H B REHEAH

BEBERARANHEERDZRANNEY, HHEERDNI . RG>
h, BREFRGRARSD. BRARREDABEH T2 L4, BEREMRER S
SNRA—BANEAE, ARETEREPSETERE DLARKEH K
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BRI NEEE TR EFESIR T
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alP)r g (pon) =5 (e h 22
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0
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EXRTEERGHEGT, RNTURE, =-ps, +uD, (FTEEREK, N
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ERARERTROTBRAETAE, A BEH— BT 1Mkl bHL LMY
GRAERFROEATRELARAY BHBFERLE. & FbHL LTS,
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FWAMBNE, AMEREEGELAKEE LASAEEES. BHREREL
BRTEAM2. 6. 25 fn 26 FlEME. IR FREZANFER THRIALE
EAMRPNEY EERREAMBHAT AR ERFAKREERBAS.
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