5542 B 9 1 S &~ £ Eild Vol.42,No.9
2022 4F 5 A ACTA ECOLOGICA SINICA May,2022

DOI: 10.5846/stxb202104120950

e BRAT AL A2 B, X 2 o 2 R T o X D s SR TET S 25 X W PR RO E 1) S M 15 SR AR A= 25243, 2022, 42(9) :3759-3770.
Liang S, Chen C Y, Hu X J, Zhang W, Liu L Y.Scenario simulation of the influence of lakeside buildings spatial forms on lake thermal release effect in
high-density built-up area.Acta Ecologica Sinica,2022,42(9) :3759-3770.

SEZEEERXBEZAT RSN B ARERINTD
2 M % = AR U

;Jlé %1,2,3,4’M:\/é;_ﬁl@j’%ﬂz%glﬂj,g{/‘ 4%1’2’3,5('11?5%1’2'3
1 PR MO B R 2 KU R B, K7 410004

2 IR F AR XS PR RS TR BB oL KV 410004

3 RO RN R S SRS, KT 410004

4 LA E A A | Bl 528000

N

FEE T WO XT T G2 A R T SR T A R B SR S, IV A B A TR T 2 X T 9 % AR 0 T e A AT W
VI VT AR 190 K S 300 DX 3l Ak 3 X 4 | SR FH S 55 CFD ( Computational Fluid Dynamics ) BUEAR A ZE & 64 5 2086 E T #17A 89
NGRSO AL, FE R TSR AR I 5 B B I A AR LS R e S T v 0 v R R DX I T B G RR  F) RE
SERRW] (1) WFFEIT T CFD AR AT 0 2 8 A 1 DX V1 9 TR0 Fy i 2 RS 0 91 il EL A 5k DL & DR BE, T LA 38
YE RO A A R TR 0 AT TE R MRS IR XU 550 m 3 B 9 I IR BRAE T W3 . (2) DAL Vs i 32 (TR 25 % T80
AR AT DX 3G A8 TR A FH S ) e o W, e R R TR S 38 1.86°C , Xehibiyr N U] Al e KRB REIE B T3k 622 m JEBEI, (3) A
(i) i s AR 2T O IIA IR AL RE A7 A 22 5, L AR A 0 v B8 4 /N B 081 2 SR L 5 88 2 X D DY A 8 Y RN 532 Wi i
TR IR W FE RS . 2510 REAE IR ST TF K R PRGN AU, AT Bl T R B DA DR PR B S5 SRR ) 7 2 L
VR T )5 s ) A S T A A AR Y A A 1R B AL

SKBRIA « (2 BRI AR TR AR RS  CFD 5 BRI KD A3 3]

Scenario simulation of the influence of lakeside buildings spatial forms on lake

thermal release effect in high-density built-up area

LIANG Sheng"***, CHEN Cunyou"*?, HU Xijun"*’, ZHANG Wei"**, LIU Luyun"?*’

1 College of Landscape Architecture, Central South University of Forestry and Technology, Changsha 410004, China

2 Hunan Big Data Engineering Technology Research Center of Natural Protected Areas Landscape Resources, Changsha 410004, China
3 Institute of Urban and Rural Landscape Ecology, Central South University of Forestry and Technology, Changsha 410004, China

4 Foshan Construction Investment Land Company Limited, Foshan 528000, China

Abstract; Urban lakes play an important role in mitigating and regulating the urban heat island effect. At present, the effect
of lakeside architecture spatial form on the cooling potential of urban lakes is still unclear. The area considered in this study
was the Meixi Lake, located in Changsha downtown. This paper verified the spatial law of the thermal slow-release effect of
the lake by combining field measurement and Computational Fluid Dynamics (CFD ) scenario simulation. The influence of
the distance between the receded lakeshore, the enclosure degree of the buildings surrounding the lake, and the height of
the buildings adjacent to the lake on the thermal slow-release effect of the lake in the high-density built-up area were

discussed. The results showed that; (1) The CFD model used in this study had a good degree of fit for the reconstruction of
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the intensity and influence range of the slow-release effect of lakes in high-density built-up areas, which could be used as an
effective tool to evaluate the cooling potential of lakes. The simulation results showed that the slow-release effect of Meixi
Lake existed in the range of 550 m downwind. (2) Optimizing the spatial form of lakeside buildings had the most obvious
effect on the thermal sustained-release in the downwind area of the lake, with the maximum cooling range reaching 1.86 C
and the maximum sustained-release distance to the downwind area of the lake reaching 622 m. (3) The thermal release
efficiency of lakes varied with the spatial forms of lakeside buildings. The positive effects of reducing building height and
reducing the degree of surrounding buildings on the thermal release of lakes were stronger than those of increasing the
distance between buildings to the recedes lakeside. This conclusion can deepen the understanding of the thermal slow-
release effect of urban lake water body, and help urban planners to plan and construct urban lakeside space from the

perspective of overall thermal environment perception, so as to maximize the ecological benefits of urban lake water body.

Key Words: high-density urban built-up area; lakeside buildings; lake thermal release; CFD scenario simulation;
Changsha Meixi Lake
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Fig.1 Type of building around the lake
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Fig.9 Change the distance between the building and the lake shore
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Fig.10 Actual simulation results of wind field and temperature field
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Table 2 List of the wind field distribution in actual calculation example
/)N A TR M 1) (FRAL) 1) (VER)
Wind speed Upwind Downwind Vertical ( Northeast) Vertical ( Southwest)
fi2 = { Maximum value 1.36—1.40 2.49—2.53 1.93—1.96 2.91—2.95
I AIGMH Minimum value 0.23—0.27 0.21—0.25 1.47—1.50 1.36—1.40
*3 ZREGREFSF—RER/C
Table 3 List of the temperature field distribution in actual calculation example
TRLEE RN R e A (4L) e (PIR)
Temperature Upwind Downwind Vertical ( Northeast) Vertical ( Southwest)
7 {H Maximum value 37.07—37.17 36.24—36.35 36.97—37.04 36.66—36.76
¢ [l (H Minimum value 36.86—36.97 34.13—34.21 36.55—36.66 36.14—36.24
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Fig.11 Simulation results of temperature field with changing the building retreat distance
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Table 4 Temperature field distribution under scenario simulation of changing the building retreat distance

[EEON R R R T (FRAL) 3 EL ] (P )
Simulated scenario Upwind Downwind Vertical ( Northeast) Vertical ( Southwest)
SR i

TS 36.86—36.97 36.24—36.35 36.55—36.66 36.14—36.24

Actual simulation

AR 100 m

Building setback 100 m 36.65—36.74 35.76—35.85 36.88—36.97 36.50—36.61
b R

s - 0.21—0.23 0.48—0.50 0.31—0.33 0.36—0.37
Temperature variation

HHUFIH 200 m

Building setback 200 m 36.28—36.38 34.89—34.99 36.48—36.58 36.19—36.28
b R

WA 0.58—0.59 1.35—1.36 0.07—0.08 0.04—0.05

Temperature variation

3.3 MU SRR

i TIA R L B SR HEA H AR — RISt | M s T e T 7 S LA R M B K, IS
I e AR AR AT R AR AR X AR I SR A AR A TR AE . AR IR A SR A R A ZE R (E 12 % 5)
R,

(1) $AR b Fepa AT A EE T 0T DL — 8 AR B O Ab e SRR P B B 85 | 48 w3 Ife 189 25 1) R i 1) 5 ) XU
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Fig.12 Simulation results of temperature field with changing lake bank enclosure degree
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Table 5 Temperature field distribution under scenario simulation of changing lake bank enclosure degree

RRADLTTG X T RE] e L (ARAL) A (PIR)

Simulated scenario Upwind Downwind Vertical ( Northeast) Vertical ( Southwest)

BRI Actual simulation 36.86—36.97 36.24—36.35 36.55—36.66 36.14—36.24
4 HH A 14

SIREHE .I 5 o 36.53—36.62 35.08—35.17 36.62—36.71 36.71—36.80

Remove one adjacent building

454k Temperature variation 0.33—0.35 1.16—1.18 0.05—0.07 0.56—0.57
LB 2 ANESR

LR ,I L5 . 36.42—36.51 34.53—34.62 36.87—36.96 35.88—35.97

Remove two adjacent buildings

i EE 75 Ak, Temperature variation 0.44—0.46 1.71—1.73 0.30—0.32 0.26—0.27
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0.80 °C .1.86 °C ,XF T I XUl B KFRIRMR 4> 10 0.51 °C L0.66 °C , (2) 1ERLM 22 5207 T , e 9 2 57 v 1 1Y)
AN AT T T 77 i) ()30 88 5 M 65 hy B 8 I ) SRR AR 10 me BRESXE I JXU i) A R LT 1328 0.78—0.80 C I 181
HESFURAAR 20 m B X R XU ) A8 A T I B R 1.86 °C., fe T8 88 570 A 0t — 25 e R i A I XU iy DX o 30 el B Bt 1
1.06—1.08 °C., 1 [ 1% 2 S50 ol 75 3 17 o) A Al SFUA A2 , 8 J 1A 1940 38 M o 152 A i 94 L O &8, 2 1) 32 39
IERAERA B, (3) ZEGE R T, I i) A 50 o B3 R AIK 10 m X1 1) DX 3 P g e AV B8 P il 5 5
PREA 22 S AR, B A RERE 25 559 m, I i A 3 8 FERRAIR 20 m X ] X8l ) e a7 A28 R B 2 575
m , FZ T B e B DX, R B IR 35.49—35.60 C,
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Fig.13 Simulation results of temperature field with changing building height near the lake
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Table 6 Temperature field distribution under scenario simulation of changing building height near the lake

[N R R T (FRAL) T (U )
Simulated scenario Upwind Downwind Vertical ( Northeast) Vertical ( Southwest)
S:BREA] Actual simulation 36.86—36.97 36.24—36.35 36.55—36.66 36.14—36.24

I 49 2 35055 BE FRAIR 10 m

Decrease the building height by 10 m 36.37—36.46 35.46—35.55 36.56—36.65 36.65—36.74
WAk Temperature variation 0.49—0.51 0.78—0.80 0.01 0.50—0.51

I 980 A 0 17 FEE BTG 20 m

Decrease the building height by 20 m 36.20—36.33 34.38—34.49 37.14—37.25 36.92—37.03

i B84k Temperature variation 0.64—0.66 1.86 0.59 0.78—0.79
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SUREARREFT AR EL . A SCHT T RS R REAS AR G- R AIE 1 v 23 A Bl DX T8 T8 V2 KRR B R AIE | 1T LA R A
SR FREE T K AR IR B RE A T

(2) fe 5 B A I X S (AT A A — 8 R 1 R i AR AL R 7™ A T T AR i, 34 R 500 )5 R B
B BRI 0 SR i/ NI SR PR A R 4 B A 5 Ak W T A SR A Y, L i R A AR I i Ak
YERBE

(3) B2 3= T RGE MR, T el AR W 2 TR 2 TR AR XS T JRU ) 9 A28 g B 4 ¢ 3 1 17) 1 |
JRUT] X 58, 0 DX 8 15 75 704025 3k Tl 308 XU T 7 15 -5 AR A AR 2SS o] B A LR IR S R

(4) KA 5 1R ) HE B Aok 1 v J2 SR T AR i BEL RV RIS/, A R il 2 A0t i, R 35 R 100
m FIESR IR 200 m 43 HBEMTHFZ 1 E IR FFE 0.50 °C (1.36 °C , B 5RJ5E 200 m J5 WA AR B 28 B
FEAS 3 R T

(5) S8 I W90 2 i) LT 1 22 AL 5 | U P R T I S 5 P 3 ) B B K S s 4, R A AH 4R 1 43
FUR LB AEAHAR 2 DN EFA YR T KGR IEE R R RERE 2 5P ik 1.18 °C [1.73 C,

(6) 3 UK LT A8 B LA K Nt )3 5 S L s b vl (s 45090 A VR B AL RS Bk — A ek, 2
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