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The Historical Changes of Winds above Open Spaces and the Surround-
ings of Nanjing
XU Zhen, HAN Lingyun

Abstract: Based on CFD (Computational Fluid Dynamics) simulation, this paper
compares the winter and summer prevailing wind patterns above three open spac-
es and the surroundings in Nanjing in relation to the building densification and ur-
ban form transformation from the 1930s to the 2000s. Adverse changes include
more turbulent flows, degrading outdoor amenity, and blocked ventilating corri-
dors in certain areas. The authors suggest putting wind issues on the agenda of
sustainable urban planning, design and management. The proposed measures in-
clude developing assessment methods, planning tactics, and design guidelines at
different scales. Decision making and public participation facilitated by CFD simu-
lation and visualization will ensure the role of open spaces in adjusting urban mi-
croclimate.

Keywords: CFD (computational fluid dynamics) airflow simulation; microclimate;

open space; urban form; historical changes
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AL LA R AR R S8 b . AETE 2RI ER T, RIREEXT P AMEF I B 1 5%
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PR BCE TR AR

WSS T IR A 8 D) o RAR RO 7 K . A AR A
o FEPE (Hippocrates, 460—377BC) A if[a] H H 77 ] (3R T EL i ) HUXUTRI 30k
T B f@HE (Schneider D, Lilienfeld D E., 2008) . 4i45& 5 (Marcus Vitruvius Pol-
lio, 78—10BC) TEH WY (Emperor Augustus, 63BC—14AD) ST 974
JRIRETF AT KU (= . 2, PEBESHERIRE — i (King Philip I, 1527—
1598) #Afi A RMH LI (Law of Indies, 1573) FRERILIA T AHT A A
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VAR TR A1)

U RO N5 IS AR R . 18544
Pe[EEBOERLI Y, AL TAER TR
PR R o A FE A AE John Snow & 81
2 A DS Gk IR, TR TR &
TEEA T AR E B P S EEY (Vint-
en—Johansen P, et al., 2003), FEE NS
T - AEF (Thomas Jefferson,
1743—1826) ML) 1 HLELIR I - i,
eI A B R R e MO,
I AIE g Horb, RIEZ5 B HF
ez 1) AT DA ) Rl R 3l s 2 X IR 98
25X (Bosselmann P,1998),

HEA 20122, IRATFRSEIE H 55
th, RIS ISP H i, —
SR 275 T R A T il s T AR
Wl R R F o LA SR IR W 5T X
%, # 54 A% (Ian Lennox McHarg,
192020011\ 553 S KA, Rl
SEE RUCH R AR I, RS T
JE AT B Qe e G — o AR
R 390 00 ) Ty e, (R B S
et RS 028 5% (air shed), %8
SN EE (L HE S B 0l R hF 7R
Mo MRS E], TN T g Y 18]
AL, AT LU A 2 SRR R D R 2L
EI T H FE SRR (McHarg, 1995;
1998),

T 4 L o B T AR A B AR B A
P, SRR ORI My P s 2
FI AT AIER, W3R (Leon Bat-
tista Alberti, 1404—1472) FIfIH i B
(Andrea Palladio, 1508—1580) )5 4%
El| Emperor Tacitus (200AD—276AD)
WLELH) B g T TE AR Emperor Nero Fngil]
(37AD—68AD) 5L J ki Y =0
R, AT SER IR EE S T
FEVRHLIX Il T, 5% T IX R U A A
b DX AR T B T R P e AR E ] 445
782 #5118 (Bosselmann P, 1998), Ei4-H
ST ABBIF T T 10 T A e 25 )
(PkseF-, 4%, 20115 (R, 2%, 2014;
BRIAR, Ph—R, S, 2016). F AR
Xof 2 PR AR A 2 IR 923 U0
RS DATIESE (Hough M, 2004), JH
BE RGNS S T AR R
TERA A B ] RS Xl T S S B A
A PLR B — E LR 2 2 2 i ALY
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ST BER U TARAR S, X T F AR
Sk AT AL B B 5 5 Bk
M A SN H (Benzer-
zour M, et al., 2011),

2 MBEIMZEEEIBXINE
TS

21 HREHE

FFilZs ] (open space) 2l 4 3k
TR AW 2 268, P RN %
J 92 P& (Kevin Lynch) A NIFIES
(RS2 IRE AR AATTAT L B i AT A
H ARSI XL, G R At
o, WA FIERZS L, PFE b (vacant
lots), ¥ K X35 % (Lynch K, 1995) .
PR Tl A LASK i WL R i T 22N 7
TEICS (B 7E 90 56 2 [ A AR VA RN AL
A B R SE . e R TR A A R
(Open Space Act of 1906) WHLE: A
WHHIEGEG, HEHhRA 25
SRS BT (5 4 i 120, A
o e bl B A, s
Jof i, HRIFIES R, EE R
(Housing Act, 1961) KL FF L %S [A] &
T DX AT AT R T e REA AR TT A 11
Ao, HEAARFNERANE . 1 R
HoAth B AR BEWAR I AN Dy L R
WrfE (CEBER, 2008), F [ Fdsbk i
W22 12X IR R A . TFK
23 [A] J2 4 T B AR 2l 285 al W A5 i L T g
W, HARAEFNZH, REA R
REIAR . Wk . AREARG . FAMRLE
AR . AT XL Y (Tang B
S, Wong S W, 2008) . T 3 i s 1

B2 =EREREBMKESEF(1930s. 1960s, 2
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Y 5 T 0 (DR S 0 ARE S A kT 4
Hi, R DL A SRR ARy 32
AT . 7620104537 & A
F8 ottt b A 4328 5 AR A 15T
FRiE) (GB50137-2011) H, &)
GG —3.

VEE Z T AR IRl ) —in], 7
TASCRAEH 15 % A LR 2
B E  (openness) 37 T 1 78 A% Xt
RIS, MR A5y ] XUER
BRI EL /N, T L 70 45 8] B stk i e A
AR, WH IR Gk H
T PR RS o AR SCE IR 5t 2 48 0
T 3 b FFIAS I BERKIT L PG I S R
KIEHAT T (B, EBE—rmR
FEREEE 150m HALFR KRR KRR
FEIIZS (R i %88 11 A g X XA 174 3
KUERE  (HEs2SF, 4%, 2011; Alcofora-
do M J, et al., 2009), X7 Hpe R
RIS ] A B LR
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Fig.1 The locations of study sites

TR A B

000s, AZ&ANHEE, TH)

Fig.2 Buildings and waters of Mochou Lake area in the 1930s,1960s,2000s
TR AR A%,
VE: 1930 FAREEFIREAR62 790m’, KRAREAR534 622m; 1960 FAKEAIKEAR117 411m?, KRR
532 232m’; 2000 FAK B FILRTAR332 373m’, KAREAR489 429m”
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AN, 19584, MIRDRIT. Pk
AL TR I e B, A N iG
R, KBS A ks (R at iy
MR DI4E, 1997), 19764E)5, /N
(B | B A N A =R/ 1 e R T T
REPAR, SRR SN KR A
BEIEEVE R ER BT, SR A< ra FH PG
MR STl — 2% 4 . 512000 4FRT
T TKIN J) iy A8 R vy S b 2 1
(K2),

POV b e TR I S N e L
A Ll G g T R T 2000 48
AL 6hm?, 7K 1.15hm?, 7E 1930 454
KR, AU FRAR EBEsr A T oK I
M. 19504F 5, KaEfpiFiE R
AN, 2 X R 5 A 3
i, — 2R G A R T AR g
1960 4EARfE K (Al i 5080 . 198048
Je P X O IR AT R Gy, AT R AR
AR, b XA R
T, R AR T A R X
19824, 2 IX. A A B P ot T 2 A
POFE e (R A T oy i g B 2% B
23, 1997). 20004 )5, xR 2R
ZAFESF BRI, VORI A b s R
I, B oK B E N AU 7K
& (F3).

T KSR T R BT SR K AR
M, 19304648, S b AT AIK 3
F, ARG A KIS (R
Yyt KK, EBE 6.5hm’) 7Y
M. 1956 4%, JUMIMETET ] K%
RS, BlJS 1E 1960 4R UIT I K 957
A6V R ] A AR B A G T 3] 2000 4
&, WEAERAUL 3.01hm*, SR,
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Fig.3 Buildings and waters of Qingshuitang area in the 1930s,1960s, 2000s
TR MR A%,
WE: 19305 B AR EAR 184 625m?, AAREAR 141 067m’; 1960s 1 HAIIETAR299 918m’,
KARFEARIS 003m’; 20005 Bf Z AR AR461 580m°, KA@A11 519m’,

B4 FKEREBKESER(1930s. 1960s. 2000s)
Fig.4 Buildings and waters of Qingshuitang area in the 1930s,1960s, 2000s
TR A A%,
VE: 1930 FAREEFIRTAR24 778m°, RAREAR130 462m°; 1960 FAREAIIREARAT 944m”,
KAREAR 117 458m’*; 2000 FAX B 32 H AR @A 139 495m?, AAREAR 118 952m’,

E5 EXRAKEBNEEE (2000s)
Figure 5 The 3D model of Mochou Lake and the surroundings, 2000s
TR A%

o, A2 S35 T A e A DRI
WAEX, JoikFrad (1&4).

22 WRFE
BT RO O B WRAE
ZRAER, IR i Bt i 2 A
XPR, AT DT RS I AT, CFD
(Computational Fluid Dynamics) SAERL
A IS SRR T iR 2 —, ARR T
SRR S, HAT AR 5 T
B A6 A T A A . (V0
B, W, 2017), TEARDCHY S s
JEHIE P AR A RO, Rt
A7 07 e (AT 7% (Benzerzour M,

et al., 2011), AUHBFFORBAU T ik
AT (8] e i 320 30 TR AT A B %
A5 AR R S O

VEZTE ArcGIS FHR A T P A
1E  (georeference) | 1930s. 1960s Fil
2000s AEHZEFIHLIE . IR, fidnIEI4E
i, 7E AutoCAD 1 Rhino i AR
PR E RS T S5 SR % . B
PRESRAEH E AR MY (i
fi) MFEZIILBAT T —4Ed (55,
6. K7). FEEARTERR IR, PR
PRI, JEIRAE T 1930—2000 4F
FREADCI I A, T —rhifEE it
oMb B, SR AP e T s ag Joe Tt
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BiEn  TARERRR DG RIREG & TS

VAR TR A1)

TRUE A FRA G 75X R R RUBE N XU
SRS RMEL /N
R Sk A H A Advanced
Knowledge Laboratory 5% 3 = JT & 1)
FlowDesigner # {4, i 13 5 XU 52 46 F1
IS EE R IR, A 07 FLARAY
REAR G s T AN [R) RUBE PR, I HLOH
TEHAS Hp s ot i 2 i 2 2245
773z A B (Forsyth A, et al.,
2016; Rowe Peter G, et al, 2013), K
T IR NI RN, AT
U F 25 1T 7 ) b TRDREDRRS 2 AN 1
O, 7K b e K RS 2
500m, " fa b2k DA E 100m @&
IIBTHIRS BORE R Tme
RS, AR i K
R ANREAE N F N Z—, R
F— A %, 7028847 Km (At dm 4R
ENE), PRk 4m/s, HZER, Bt
SRR il AR BT,
WEE R T R 2
o AR E Y 2 R (8
#i, 2%, 2010), SHrRA-LA O 8,
160° X[ (R i 43 SSE) , T4 Kk 2m/
so RGEHRR MM R EAZHLT KL BE
PR T B 584 Robin Liggett I Mur-
ray Milne JT & 1) #X £ Climate Consul-
tant 6 P HUECHE B SRAE AN
CSWD 5823805 WMO WL .

23 HIR&ER
2.3.1  ZRKHI KR

22 1930 AEACAT,  JRUE 43 A 1Y
5Y, KURAE Sm/s ZeA7, Sl v TR Aty
B B MO X 8. 1960 4E4C I 4
B R AR I HE ST TE A T A 224 T ARUR
T 2m AR SR KUK IR, A T
 RGHEAT 24 5 1930 4R AR IE 19 K F-
F 2000 FACEF, TR E RSB FI
BRI RLN , BERKIFIAF kI by i) KLk
SRR, WA ORI R A SRR Xk,
o BT RGE T 8m/s B L AT
(E19),

K7 1930 4FARE, BRI L
@ﬁﬂmmﬁ X} b R B s i

HN, RIRTE Smis DA 1. 1960 4EARHT,
B bl T R o %ok PR A AR (S R T
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E6 TmitREAMNEEE (20005RK)
Fig.6. The 3D model of Xiliuwan and the surroundings, 2000s
kiR MH A%

B7 FEKEREMBIEER (2000 FK)
Fig.7 The 3D model of Qingshuitang and the surroundings, 2000s
R AEE A%
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m Sl

E8 it Simail= i
Fig.8 The simulation range
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S A H AT BRAG AT, 090 v e
ARG A AZ B A, KARTE 4m/s LA
o 20005, AR R A B AR
NP HE A S b i K = A T R B
SR ARIIE BT R A SRR IR
DX, BERKA by BT Y 4y
SRR SORURITR KUK 35 X 43
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W, OIS, SR s,



skl wsony  WAIER]

B9 HAMMKEMImME—AHRNESS (19305FK, 1960FK, 2000 FK)
Fig.9 The wind above Mochou Lake of January in the 1930s,1960s,2000s
Rk VA%
i B R AmE b1 smiaE R L, TR .

SN L T x X
( \ESETE

E10 REHERB-tRAMEMERES (1930F4, 1960FK, 2000FK)
Fig.10  The wind above Mochou Lake in July of the 1930s,1960s,2000s

E11 B REn—AMEHERES S (193054, 196044, 2000 F4K)
Fig.11 The wind above Xiliuwan in January of the 1930s,1960s,2000s
KRR MHB%.

E12 PmEEELtAMEMENES (1930454, 1960£K, 2000 FK)
Fig.12 The wind above Xiliuwan in July of the 1930s,1960s,2000s
E (e

TR Al IR DX sl AN A SRy B A 2 5 3
1960 AT EEF ARG I, St 15
JEAT IR ) F) ST WS KL 32 2 38
HA b bR R X S B g
s 2000 AR, S b Xt BT
KA BRI XU, PETS 25 1)
RS A BB 25 5%, BRA KA1
PO, A B RGHE R 3mis A2 AT 1Y
X (116

B2 1930 4F AR I 43 Hi X b T
JAHEE 21 Sm/s, SRR LR AR D
1960 454, 377 1t 1= AR X35k s i =2 45
i, AR KATS 5 A AR ],
A3 0] LAUAZE A PG A6 - A< R 13 B 1K
B AL 2000 41T, 37 i KUK ek
I, B S (S Y-
AREE BT AP R AR LA, R
4m/s (E112),

2.3.3 EKIEKED

KZE 1930 4RI, Ho kA K JE]
IR FEATE 3m/s DA_E, DA ) 7
BB SN BEEE 53 . 1960 4E4RRT,
DKM 5 B RGEAT A 415), T
S TR, TEKIE T R
POXFIF XX IR, 2000 4E40F, KA X
B KU OR X I, 5 /K 4 F 5 )
B A e R i (X, KU /s DAL (]
13),

B2 1930400, S XGHE N
Y5y, T RA R, Rl A
FRTE 4m/s 22 1o 1960 4EAC B AR R
e BRI SRR, 2R TR
R, XA HL AN K . 2000 4
R, K FoE, LHIEEKEE
MR AT X o 5 7K 3 Ly R
T e RGBT, 3P 8] A5 i 1R
AL, R O ORI (]
14),

HETOEF, Fik 3 @R
WG 52 8 o0 i 3 b e U AR TR &, FL3
b 1 f5 R dme /N KGR (14 235 8] 25 57 H 25 8%
BRo XK E G, W R R AEX
KA . /N TSkt S
TR . S H = B X R o 2 1
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#? R BWER TTAENAR LRI £ AT

VAR T A4

i, AUy A AR 8m/s L B
. B X E R, TR
2 J 2T RE ST IS e P AN B 0 BT
EE R A, R 1N RETE AR
SR AR P METAE B HE AR (American
Society of Civil Engineers, 2003),
SE NI KGEA T 2m/s il Sm/s ARG
BOwEFE (TIRIR, 4%, 2012). 19504F
(AR % E N R /A S [T e
2RI 58 A R FE TR KB R FE X
ARRERIT S, T AR,
LRI X S 5, - AhEF
EEARNAR R . 2000 4R, )2 AR
R R B Al 7 A B Y AN 3 X d 4
e SR VY R O )2 R A el e
TS50 BT % R K TR R R v i O
AFT NBEFIMNES) . FEUE AR M
FAEEREE, WIS TR L
R AR DX b 1A ) 3 i T
TR AR TERNZ (unin-
tentional) {H [m] B 13 7 1 35 Bl A A1) 1)
(inadvertent) K # (Hutchinson R,
2010), ARFIXIEREIAEA AR A
DI BRSO B2 T B F A Bl 2
L BB A AT RETE AL

3T e 8 A T AT LS 2158 JXUER
SRS S SN T R WL (B
(McHarg, 1995; 1998; Alcoforado M
J, et al., 2009). i XURRE T, LA
TR 18] Mo 5 Z AR R A .
FUBHXS T AR EE, H
XIS ] AW A, R
RCR HREI T AR 3E A 1) 5 1A 7 U] £
JERTETERE . R i DL S
AU I T 0 S AT X ] B AT
5%, WSRO E A S R
BUIRFR, FR3DNGHH R
Ferp, ARZ SR RN SETE 47 T IF
i Gl RSP S U BT P NN 5
BRI R LR | S IEEL A

T REAT MR AR T IRE B S
WA LR b, R A A T 2
SLRETE MUY SR R 22 )5 =, TEI
AR 5T IR R BE BT SR AR, KR
ik 22 A K ol a7 AR 8 AU 2 3 T 555
(1, HT B S RN o R (5K
£, 4% K #, 2008; Xu D, Chen R,
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13 EKEREIEMERES T (—RA5,1930FK, 19604, 2000 £K)
Fig.13 The wind above Qingshuitang in January of the 1930s,1960s,2000s
FARRR: A A%

E14 HKERERAMERES T (€A%, 193054, 19604, 2000FK)
Fig.14 The wind above Qingshuitang in July of the 1930s,1960s,2000s
FARR: fEH A%

R1 RESFINEREFEE

Tab.1 Criteria for comfort in terms of wind force

SiiE A R FIF-3 of I (18- 1 R
23 THENEA [ Xk (5% 1% Rk T H 1 XU (20%
)P IEE HEH)
e FEA R 5 Sk R BERCEL s A TE R 5
Cl+ | HREFEFRIR >10m/s BT 04 J A4 2 L >6.8m/s
T . B A7 Lt 3 5 A RS 5 e 4 g
cl H A7 0~10m/s P 0~6.8m/s
) v XU i 2 B 4R i ; Sk R Bk
C2 | HEEILEMEY) 0-8m/s N S 0-5.4m/s
e g Sk RAWGE A B ; 4L/ A .
c3 SR e A 0-6m/s W3l 8 T 0-3.9m/s
C4 A ] A 0~4m/s JK; BT UBSE BRIt vy 0-2.6m/s

FALRIR: American Society of Civil Engineers, 2003.

2017). XFMELLT, LT . RS
P A T EA M R AR K R
PR IR, KRR AR
SE, TR R A B R
/1 (Hough M, 2004; Huang L M,
et al., 2008). ZRKMIAIPE RV /KIS
TF b I b, SRS B s 8k
ARG o K IE XA G K TS T
53%, —ERREERIA T i R4 <
Xt o

AT AR B TR Tk J
Hu X AR T A SR BN BURAE 00t
FASIE | SCE BT R eI
- WY 1| e 78 s AR TREE S =
WERMBE T AR, [RESCEE N Y

2R R R R, HS
JH 3 B T A B A R, A
TR A DX A A T

4  itig

AT i 50 3 Ab T ) 1% A i B
WIRSE AL AT T PEEER o34 . TEWESE
ik b, IR CFD {5 BRSO X
FEL WA, ORAEA BRECE AT O T HE
I SARBL A O 15 o ST REREE IR
WA, XA ERIANBESE AU L
MBTFE . B, BRI i £
DR 3 02 A S AT FH 9 X S5 i ) P
TG SAE S IE R B T LA ROE (
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B, MRS, 2014; TIE R, R
2017) . AETER T IR T R B 25 1457
ML BRI A5, R SISt 5 7
NGS5, TR s 05 Pl I 55
P24 R 1 B S 3 50 504 ok o3 A2
b, Ty RERN BRAEA L3R 255 KR
BEMIRACIER (FESMG, 4%, 2016),

Xof 7 214 4R R A5 A BRI AR T
U, U] RO i X X s
e R ANERITEA FH A TR XU 5 3%
FIATHE (American Society of Civil En-
gineers, 2003). fEE 7, #RAAFIE
Wiy AT R AL A A T PRI L ROC X B AR
AENGIN (kT 2014), =R AT RE
FECE AR L T RE PR ATRT )
T A KU . X TR,
IO e PR

Xof T A 00T B I 1 R R R A A
X, BT RE R RUEE 8 JXUBR B E AN
B, WEFEar R DT icAsa], JFeas A
JE 3 T L SRR AT A S B v 1 5
1972 Sk = W D)1 B o A i h =
TEIE , JFRJURERE . 5OWAL S 55kt
B m AT AN T8 (i, Ak
P, 2014).

BA PSR 0 R0 ) Ji 5
H XD e s SR BB AT, B
RAS AT . Sdat LA S PR AE )
P A o T A o B TR KUK
o, TR RS G A S I K AT
PR, 2R /DN IR S SR K T Y
5.

— LK, Sl ORI o
A EAA B = U1 ST R R
PSR (T IRIR, &5, 2012; Viegas C
V, el al., 2013), JFHCas (a2 &
R ESGE S, TR A N ER
HL ) eh R L FE 4 3% 5 T A Y K 45
(Bosselmann P, 1998; Hough M,
2004; Bowler D E, et al., 2010), 47i
KHEBm G, TRHAR., K5,
23 RS S AR T A I R, TR
B T BRI B HEA T TSy AR T
TER T G b, SRR S Y SR
AR T AR SR R R X DA A2
BT, TS KB DI OC R SFIRAR . ik
TR 25 A1 Jr WU 3l i M) 5 B2 T A

RGPS ASEEG . (XIRSE, 2014).
XoF 3R 1T U 14 RO 5 A S ] R
FE LSRRI ) A Fo0 M. i
SCHFSE St iy ROBET 7, AR B B
B A I B AR T DU I — S 11 S 4k
PF, AR TGEARB L, SO R BN
s SRS 1o e I RS Fr
TR B B E AT KBS BE R e A B
(Schwarz N, et al., 2011), TE%H HLAYH
PP AR PR NS AR | 0% o aan
FEEZ AN, N2 R M SR A 1 X A
HEE . SRR HUE RS M S bR S
AR, 2L, B, HEINF
T B A A S BB T I R v {1
Sk (LAIF, & 2011; TIRK, %,
2012; A4, =, 2014), WA
BT P IZ D T RS 5
e [N sy O YN R S I /A ey ]
AT NIAFISE
RIS N RN E A, 524
L 235 R LAY H RS i 0 B A
IR WA IR X LA ) 5 B A A i) X
NG D RMLGEEERT, 4546
2 R A s RGP s BE L 3T XL
LSRR S KA, Z A, 4
5 FERUATAFEARAM A A A, &
SRIE S EHIIE AT RERY . 48R, AT
PR SR A . AU BEA S
GBS, WEHUNERNE AR (H
B R EZEY,

Rftb b K 25 & RS WMT R
$.8 (CGBC) AFR R 2o i+ 5 AKL
FIFRAGFER IH,
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