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Multi—-scale Wind Environment Assessment Method Research from the Perspective of
Ventilation and Energy Saving Objectives:A Case Study of HouhaiCentral District in
Shenzhen
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ABSTRACT: The formation and development of urban climate is closely related to urban construction.
High-density urban construction has weakened the flowing wind field within the city, creating a
typical urban static wind characteristic. The existing studies have proven that effective natural
ventilation is conducive to enhancing the quality of human habitation, promoting climate adaptive
planning and design, and achieving low carbon energy saving goals. However, research on the
correlation between wind environment and urban morphology suffers from engineering and
superficiality in the assessment of technical routes, insufficient attention to local climate, and
indiscriminate use of urban wind environment boundaries. This paper takes the Houhaicentral area of
Shenzhen as the study area and takes wind environment assessment as a mid—term part of urban
planning and design. Under the technical route of “double cycle” + “multi-scale” nested wind
environment assessment, a double cycle assessment system based on “urban morphology, ventilation,
and energy saving” is constructed to strengthen the local climate boundary conditions for
“ventilation and energy saving” at typical times. As an urban business district with obvious
daytime work attributes, a multi—-scale nested study was conducted using building morphology data,
ECMWF meteorological data, and Shenzhen observation station data to drive the WRF model for refined
wind field simulation in the central area of Houhai. The WRF model is used as the initial wind
field condition for the CFD model, completing the nested operations. The study was carried out to
quantify the ventilation capacity of the study area in seven different months. The impact of
natural urban ventilation on energy saving is also characterized by the energy consumption per
square meter of building in the centralHouhai area during the comfort months. The wind speed, wind
speed ratio, and static wind zone are visualized in numerical and visual features to demonstrate
the wind environment of the HouhaiCentral Area respectively. The results show that site attributes
are an important element influencing the urban wind environment. Land use is most conducive to
improving the urban wind environment, and an appropriate increase in blue—green infrastructure,
especially water. There is a large difference between daytime work and all-day prevailing wind
conditions. In addition to the meteorological conditions of prevailing wind direction throughout
the day, the assessment of urban wind environment should be based on the functional position. The
urban wind environment conditions during the daytime (8:00-20:00) should be explored from a
performance perspective, reflecting the actual use effectiveness of the wind environment. In
Shenzhen, the ventilation energy—saving potential is mainly concentrated in January, February,
March, April, October, November, and December. In April, urban ventilation capacity is the largest,
and potential energy efficiency is the most effective by 52.73% However, the study also has
certain shortcomings, especially in the southern cities, where temperature and humidity need to be
considered in the wind environment analysis. The uneven geographical distribution of observation
stations and the limited duration of their establishment may also affect the accuracy and
authenticity of this study.
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5 B ETEMYRERRIFEITM

RN EREAM TR T LR IR, TR R, MR EE RS, AN, EEEEHTN
REVRFN BEIRTHFE R, AR AR MR IE = N RAEFIE M . fEm s R dEwE A FIr, Mae@M S Taem
MR, KA AR, FIH B R XA e A A Z4MEE R SR, ANEHENHEECA
WIVEIR SRR R A, BT AR E = AU AL, 7R ALA X, JLHEFREZMKIFH ALK E K
N, RERTRRRCR AR R, @ R 7 R DABOR BT BRI T 2 R XA ) R
SINVREMIEL S, MR, HEEE@F A ERBELE 200 kWh/n” 247, 2 —BAILEHWN 3710 5. #
PRt , ST X 77 BRI B R T R AN R A BRI T A AR E . XU R
T = XIS S5 Y e R B, BRI, &SRR

FE B A TR A A I, A TR BN A O 4 A2 AR AR, DAL DA R BT ) P 45 4R A 7 1A 49
A8 FH i 23 T 0K R — ST REAE R I RIARE o 170 s MV S SRR 8 5 A A 4 — 1) AR R AN R SO 88, SR 2 T4l
AT RERIFFE o i i 0 DX R b 7 45 PR T e A B A R T e AT RE e HEVE )

NAREFIEEFa % (CTHB) RAEAFPRAL T AP NARMEFEFEE, R s BOK /NI 53 55 21 78 AN [F] 1) 7 & 7%
fEo RINAEEHMEFEREELIINT 0, BALAMAG, Hd 120 1. 2 =ANA%G0N 0, RIEATEZNETE
H4r: 3. 4. 104 11 A NRBE A G, BONEIE: 5. 6. 7. 8. 9 AN 3 %%, #Fi&EEAAREFE, FIER T 12, 1.
2. 3+ 4. 104 11 % 6 NMHAMENAT W REEEE B A 0 (R 5). 1. 2. 34 12 HMJRIAIN N X, RUE 3. Im/s;
4 AR S R, KUd 3. Im/s; 10 HERAIN E X, XGHE 3. 1m/s; 11 BRI NNE K, KG#E 3. Im/s (R 6).
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1 2 3 4 5 6 7 8 9 10 11 12
FEE  63.5 64. 6 71.6 71.4 83.4 84.9 84.3 85.9 85.7 74.5 71.9 59. 4
0% 0% 1% 1 %% 3 3% 3% 3% 3% 1% 1% 0%
ONETIE ilE, BovERE RAETIE, BRI Plg, BONETE ONETIE
£ 6 FTWA AN TH g — R

K5 IHE: 1. 2. 3. 12 ImAN: 48 IH+t: 10 A IH/)\: 11 A

KJE N S E NNE

A& 3.1 3.1 3.1 3.1

5.1 ET MR XIAH S HTHIZE R

PO T2 (B 22, B 23, Bl 24), E XML T, BFFATEHE A RE KX IR SHEK, &2 7 8. 68%;
S KU 2 A T B RX TR 7 e/ 6. 41%. T RUX TR 6T Bl Al B 1 1140 JRUBE 5 -GN N3 i 2l [X e
T RIS, AL R PR BEAH EEAECES s a6 XU — A DL A T IR M 1R, B T ENE XU .

PUAS T At b, 3 XU T L5 20 501l 85. 44%. 87. 49%. 85. 44%. 85. 16%, 10 F E JXUIA] Y XU ) B 48 X
e fe o EH AT IR 720 Rl N R IR v T X, KU R, AR T K. FEH N Ev NNE. S XU
fr, KT 1.86m/s (10m &% 3.3.m/s) (IHLEIAS] 7. 15%. 3.83%. 7. 15%. 8. 18%. TEMRARHES, 4 A E KRGE
0. HARKIHERZ 0.25 (R 1o XWEH, 2SRRGB ASAAAE— € MAEZE R, 5553 B8, '
Je s ATH K

% T NTRERETH R —

251 0-0.17 0.17-1.86 1.86-3.05 3.05-4.47
N 7.15 85.44 7.15 0.25

E 8.68 87.49 3.83 0

NNE 7.15 85.44 7.15 0.25

S 6.41 85.16 8.18 0.25

FRAE XOE L AT A1, TAERF A B E ], DA Tl KU b/ T 2 B #AE 95% LA |, o N KGR
B 1. 24 3. 12 A ditim, &3] 99.98%, HkH2 11 B NNE KA, FEEF] 99.87%, k24 H S Km, A
99. 56%, mZMAE 10 A E X, A 96.88%. Hr XUk i KA N 2. 74 IR G 5 KE il EKES
OV EEAZI AL, R IR T B3 B 13 J14h 78, 52 B H i B K S5 5 7 KR 0 S e R, PR T
FABRRNL, NI T A SRR . AR I AN R R, R B P e DX S 3k A 20 XL

DRI 11H.NNE

B 23 MTHREAMF R RIX = E 24 NTREEAAE T MK LA

Tst: 108E

5.2 BEFESHT

(1) HNER 7T

DAFERTFUR D, JEKEX 2R € R . 38 X AR il X R s M2, 2 B[R] A7
BZERMNE, ZERAFEARSTSRFREY BEE NS, RSN IS RINEREE- TR RA
T QEWIRITE bR S i BRRE 0, BEW BoR B — X S BB AN S el sy . — ok, B8 — 1 D KUEBOR, R0
15 QWY HORE J ks, Z3B X A B RRGT s XD, KOS Y BRRE s, X A UR
7, HE RO AR TS R, A A T RE



H R E KB X E G (kg/h) MRIEAA:

G = 3600 ¢

c(ty — twy)

Hp Q RET BEZSAMEMENE, Kv; o RN, c=1.0k]/ (kg'C): tAFHAMIEEZ, T t K
HEBENEINTRIRE, C. pRESAEE, v AERBHBXE, n'/s.

2 JERRA ) 25 U R R A A, AT 7T B SR R AR s v . 2 o 5 O XA T B
WEITT R 8 Prax, FEFFER KGR ZA T, ARSI KA 25 5O Xk 7 A FERERE . S A i X oK,
IEF 1775722m°/s. EAKMIZ N, KEZ 1340851 m'/s. JBNEA/NEMESTRENRS, EUATHE T,
FAERIFNZ 4 H S AR, FARERENRZ 12 HERFER 3 H, NRXUE.

p-v

F 8 Ja i X8 KR ST
B 12 1 2 3 4 10 11
A& 3.1 3.1 3.1 3.1 3.1 3.1 3.1
RE N N N N S E NNE
BERE (n'/s) 1340851 1340851 1340851 1340851 1775722 1485808 1525721

(2) EFREFEN T

HARE KT DR LR R =AM R, Iem s NEFERE, @A 7. FIH EnergyPlus 275 i
O X DI A BESTRERE, FEST 20%50%3. 5m [f] 30F MFEAAERL, $u B AR SR XK I 560 Cld AR
ZH 2. AW/m” « Ky JRTAEHEREL 0. 44W/m” « K. REAARAL I ZREL 0. 72W/m” « K. HOTHIAE S ZR 50 1. 32W/m” « K. T 2 KA
AT AE 0.2), HHEFEARF, Kb 4 ARNERAERIK, P FNEHIZHGEREZ 2. 68kwh/m” (] 25b).,

H AR KAE I G RERE . B8 R 30 RN OR R 5 N M PR B (1) B8 B4 it , 7R S i O XVE R Y, R
—EMIEE, 4 AVENTE R E R KSR IR A 0, TIRIFRR, BHZEH RN 5.67 kwh/m’, AL
B#AIK 2. 99 kwh/m’, FiBEME /7 52. 73%; JLUGE 10 HA5REHE iAH) 50. 48%, H4 1 ARIFIBEHEE J1 19. 15%, 2 A
TIRETE SN 15, 22%, 3 HITREEE 718 19. 56%, 11 HEITTREE 18 19. 1%, 12 A RIFTREE 18 19. 78%.

P 25 fE 0 X ST REFE S5 XU — YT 1A

LR AT B RIS 7 B T 01, IR b0 DX 32 Ry M A AL A M, ¥ s AU PR T B 1 ) A48 1) AS [+ £
RNGFA FEAFRERECR, 8 1. 5m AT 5 B RGE 733 B U T, 48 AL H 8] 8 A 3 KU e 72
WEZES, I, “HTHEET” ARG B ORUE, KGEY 2. 2m/s; “HERCTRET 7 B9 AR BURIR T RN
S WA i TAREE LRI et Sy, DRI 2R 1] AR R KR AR R AN B DX A B B O i, e RO AR IS [H]
By 10 A E WA, 4fEEZEN ESE, AZ=H) ENE. BRiLZAh, ST AR XU R8s A2 2] 1 nsdifE i, B e X
AR Je e AR, U o AR, XA ARG Rt X LB S, r O B0, pa R Dy e A i
B, WG T BLE BRI, b N AR I N I

BARNAEERE, AMARIABEED T, 3t i AR TR, RIMHERHS. AT
DLINER G BIZR G A, TR TENE A P O PR o A DX 5 v IR, Bl U BN . AR, ST B H R H 1
Reprie = RS NIRRT, AR 78 DX Y AE XUBRIE , L AN B PR et o R — R AT T,



KRG (328 A R F 2R mis A X, BL“Tm— (B 2.2m/s) 5Tt (E 3. 1m/s)” N#l, FEAMAFFRE T, T
W B XX AR B 9. 52% PR E) T -H 1 8. 68%, XX AR H 86. 51%F1 %] 87. 49% (£ 9).
9 [A]— R AN [ R e XL Xt b — YR

51 RJH A& (w/s) BE K 0-0. 17m/s 0.17-1.86m/s  1.86-3.05m/s  3.05—4. 47m/s
TH— E 2.2 297. 65 9.52% 86.51% 3.97% 0

TH+ 3.1 298. 05 8. 68% 87. 49% 3.83% 0

IHh= S 2.6 302. 95 9. 28% 86. 75% 3.97% 0

THAN 3.1 294. 65 6. 41% 85. 16% 8. 18% 0. 25%

NP S o A B S A, IR A0 DX — 2 R el X B 3 R R R B R R AR e, AT RL 2 5]
ANGEEIERIT I, JUHOR KR, I BN A K S O BB s, S I XU BRI, TR AR, I
T BRI AN ZN 770 M RCTHFi8 207 A, 300 XU BRI T2 1 75 306 K2 [ (R R 28, a5 U BELRS 9820 30 JRUTH 36
P8 R A X P B A LA N, R SO RO, B E 4R, SRS KL, ek P R AU
6 &ig
6.1 &g

AT T A A KT RPN S A, R — R TR, B2 R RGO IR T IR B PPl
AR (B 260, EWATHRIS B R 3670, FIRESESEIE. K8 80E, 172 RIEMREN 7,
AL T “Ii RS SBXATRE” MSUESRIEAGE R, DAEIIE IO XONSEEXS &, FIF “WRF+CFD” JF &
SR ZEAT B3 T AR 2 OB RS & PP A, SRAL ST By Il XTI RE” 1R )= M S 2% A o A3 MR . XU L
TRIER X DLEUE A AT A B ARRAE B R 7R 9 RO DO T TS HRAE TR B RS [ R, F 9 45 R 3R B

L FHHbJE PR RS T RIA S () BB 2 /K3 b fe A R 5O 0 T RS, 3@ X 89 n o 4 At 4% it G
FORKIAR AT DLAR AR e 3k 7 RS, IX — A S i O X P RIS U B .

2. TEWRINGEIE X, HIE T2 REATAOLZE R BRARBEAT KA SR THLASL, 380 IR PR
ISR 73 BT M B R T 6 e A 5 P M o, APERE M EE RIS H 1) (8: 00—20: 00D FI3 T MIAEDIRIL, S B IR R
1) 55 A FH 2RE -

3. FEIRIYI, GBERATREE S FEES T 10 20 30 4. 104 11, 12 A £ 4 A, Win@ERER K. @R
BHER, 153 52. 73%.

P26 “HTXUIEIR” BT IRBE PR Al 14 22

6.2 itig

YT WA BRI T AU IR T A SE AR I B 45 R o RpAE Fg D7 DX, AN R A 3K R4 2 B i ) i i
FERIPHY, X EAE IR b ZR 5% 8

[l SRR v Rl I (A B /D, D7 Xt i o 2 HIZ E I, BURE XA Gl m B S st B,
SR S S 5 KA VP i 45 SR I HE T V5 sk
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