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Double Test Section Hot-Wet-Climate Environmental Wind Tunnel
Li Lingling, Zhang Lei, Li Qiong, Ren Peng, Zhao Lihua, Zhang Yufeng, Meng Qinlin

(State Key Laboratory of Subtropical Building Science, South China University of Technology,
Guangzhou510641, China )

Abstract: Wind tunnel test is an important method of urban physics research, but different research needs to adopt different
function wind tunnel. This paper introduces a double test section hot-wet climate wind tunnel for the study of city physical
thermal. The first test section (Length x width xheight is 5 m*3 m*2.5 m) can realize the reappearance of the extreme salt, heat
and humidity climate environment in the mainland and the island. It can be used to test the performance of building materials
and modules in different environmental conditions. The second test section (Length » width xheight is 20 m*3 m»*2 m~3 m)
can realize the similar simulation of neutral and non neutral atmospheric boundary layer. It can be used for the study of different
scales of urban heat island effect, regional planning and the diffusion of atmospheric pollutants. At the same time, this paper
compares the control parameters of the wind tunnel with other tunnels. In order to ensure the feasibility of the wind tunnel, the
temperature gradient, model proportion, length of test section and boundary layer height of the second test section are checked
and calculated,

Keywords: double test section; similarity theory: hot-wet-climate; environmental wind tunnel

1 3 ®

B IR RE, 8% CEHAUE RSB, § BN . £k, Mol #E3AHHRY .
R, B0, A% HIEAPAEE S, R T - TTERFER, By TSR E T, mk
AR T AA RS A @GR ER . TEEME. AL GERMELmEE S, L,EMH:)M;L%FJ‘E
RO Z N B TS5 T, BEVR N, LB 2L, R8T XU H 2K
TULEAWAR S, IFTG RSP SE— sE SEIAE 4 (2 P KU, AR RG  BEHAEER B R

HAa: BEXREAREELEFATE (51590912), BXR AL FELTE (51308223, 51678243 ), /" K4 B #hfl#
4T H (2016A030313506), ERFHAAFEREALHE A FRM (20152C14), FRBERERBG Y & H5HE
(2017ZD017, 2017ZD039 )

EZEW A 244 (1990—), &, A@/EAo A, #H+4, E-mail: huananlilingling@163.com

002



HH—, EARIEAEVRAK

IS AR 55 o

2 FRIE IR FE S T YD IR B 5 Y L A

FESR T BT T, BB R 2 A Tl KRS, 5 B 00T 95 9 K A KGR LA T
PR R 28 R e BTE 57 1A A R B XU
21 XSHREXREHIEA

1 I A 470 238 R 2 SR P v KR 388 R 40 K 2 RS T O3 vl PR 1] |, 2% T K
RIA RS R AR (R s AR ) KL R e s m . AR, sSEbs KA F etk
SEERE IR 20% ~40% . HET, O X EEX AL RIRELE S AT AR
Snyder™ i if AKHESEH:, BAUE T 4450 20 T5 e M FUR R IS . Uehara®'WF5E T K UABE I #4
FIEX TR AR, RIS R K SRGE NS, R RGE R, Kovar 5K KR
WRHFST T K PR S PSP (KIS, 75 3% RO N A R 2 W I ol 55 4 4Bk 0.73 A1
1.20. (K, e RA0Ua AR RE B i B a0 2 — AN EE R . B RUR % A B
i B R N 548, o b B A1 B IR BRI, B N BN [R) BS e FE R BRSO P il BB
@W%%ﬁTu*m%$ﬁkﬁwﬁFMHﬁﬂﬂﬁm WFE 1 Pim. EEBPRL ML KFIREE
RS R — SRR, %R R B K. B A W Ve & AT, 15 B B ) 2 8 ] e
I, W%@ﬁEA?MH%Hﬂ”‘%ETﬁ%&kW

®1 EHAMISASHERRE

F HEA (m) fag | Ak | B | BEEE
EE LR AR BE | RE B
h KR @& s ) ) | (e0) | Ccom)
1 | 28 | BZHsMaA¥ | @mE | 27 | 18 1.8 | 05-36 | 0~60 | 0~150 —
2 | ®E i 2 A 00 i | 20 | 35 1.5 03-3 | 0-80 | 5-120 80
3 GES & o 3R A 5 Bl Bt | 24 | 3 | 2~24 | 02~10 | 12~87 | 7~112 25
4 | +E o B I % B Hik | 24 | 3 2 0.2~10 | 10~50 | 7~85 15
5 o+ & o [ 48 &f B 47 7 K PT A | 17 | 15 1 0.2~20 | 4~10 | 10~90 75
6 + EHETAF E# | 20 3 | 2~3.0 | 05~10 | 10~40 | 10~90 80

Ee FEEIA¥MEKBRRTHRBEREFRARANE KB RR T,

ﬁ%ﬁ% LI R P B A S 288 R A v [ 5 B B e 6 TR £ 2016 4485 it 189 m T K64

JRES RS, AT LS AR BE 3 B A BRI kT DU Y, ResS e H RS
m#%mﬁﬁmﬁﬁ$ﬁm%@mw%mig.ﬂ@W%%ﬁ&k%ﬂﬁ,@%ﬁﬁgﬁ%ﬂ%MWo
2.2 FHRIHGEIRE XU/ A

PR PRI KU 3 B R T LA, SEELAPRL A PRI 5T . & v R 2t i i R,
A LA A L R, TR R HIBR O YERE . H AU AN, 1 0 T R LA R
5 5 TR Rk 3 8 R ) O K R, AT SEL PR AR A LS MR R AT, e B TR
mm%mﬂmﬁﬂﬂ%%ﬁ”m,%MT%£M¢N1%Mﬂ(mﬁ‘mﬁﬁﬁ\km%%~mﬁ)
(BN ARBIL, TPk S R R 78 S 4B ) ST 9

003



KT ER S TSR L EEE—20N7 2 EEAM TV kR RABGE L E

&2 ERINEDS#RGEIA R RUR

. nk | mg | A | KEEE | KaA | W P
B R i BE B g BE | j{
g ° ., mg/m-° 7
7 (mvs) | (°C) (%) ( w/m*) (°C) ( mm/h) c ’
B A HEHER
\ : ~4, 40~60 00 - - . 2 X
U ke | samm | O 3 5 #
EEE | REAR «
% . ¥ - . - . A
2| Tam o 0~5 | 20~40 | 4090 | 0~1000 )
EHE | REAE _
, 0~10 10~40 | 40~98 0~1000 7~45 5~200 0.3~25 o A
3 zke | mEAA

TE 47 B K ) R il B W EH T, i 5 @SR A T B R V) 5 WS (H2 F AT A R

IR IR I R K 2 2 EI R FR I, o AN B ST S 2% B 5 A S 0K, DALMY e Al T 5
PR ) DO RE AL i 40 i o

3 WRBBPUE EINE KR

40 A A 22 A e KR S 2 B G A R 5 SR B

&g S
Rt

AT BB 5 5 K

EEERT)

T A G I RGBT 7, Bk ol B350 R I 0 B ity B P A e g L T R M Ay ] X S 0

TEMIEHAT, Bk g s S Bl AR5 A o 124

I TIRE,

AL BSR4 AR SC PR RERIE A, (R BE i Sy O i

3.1

Wikl AR SRR AR g

B T KRBT -4 A PR35 Rl
AT LASEIRAE T R A S T IR AR T s m) PASL B o 2 R by R, SR

T K2 AR A BRI A S I3 S R, 4K 405 m, BREAb N 4.9 m, BEeiit

4 104m. AZATR B —FesE B, 3R BL ¥iBe RLEL. i BE B

R B\ e FARI R AT E DL B 1A 2.

W o REE .

- ————— 2000 1 B
——
LY & e e
-
E HEe Maﬁﬁ/)— — :L:;WV— i - 00 f
= —— . .|| . = S e
o  —— My  wng
———— E ————
" —— ! = -
LE] = —
- = ’
s =T | 1
g e R T I e I L e K B PRl
L 5000, .. 1
£ 40510 -
E 1 XK B PGE SRR XUR F B E

2 W5 B HRGE SRR 5 XUR 4 i

004



tHM—. ERAIEEEFRREK

32 F—XERMTA

BB BOA M BRI BEINRE, RAT xS 80 S mx3 mx2.5 m. X5 BT B 194 K FHAR
PIRCLAS . KA B URS . FERELLES . SFE RS KKRBRMAE T RN 2.4 m (A FRH
AE AL ARSI ZH R 3. IR B AR 5 B 1l P05 S O i & AT &, SRR &
W AR AR IR 2, AT SEBUR SIM KL B TR RAL P AE AN FI PR B A AR RO PR RETINRAR 2.
U B L AT R ARG, 0 T R R . MR SRR ORI, WTLASCELE
TERFESAMEI; MR TR B, Al DO 8 I sl i A, 55 30l 4 f 7 AR <
RGF FRREE BRG], S T MK ST RO HER 4 A0 T fig

*3 E—RARERENSH

- R % i A A iR N EE REER | BWERE HEMRAE

(m/s) (°C) (%) BE (wm?) | BE (°C)| (mm/) ( mg/m*)

H 4 E 0.5~10 10~40 40~98 0~1000 7~45 5~200 0.3~25
HAEHRE <5% <03 <5% <5% <0.5 <10% —

3.3 FIAWENA

BRI KR BRI B, R0 20 mx3 mx (2m~3 m). R BR RSN J7 ) fi B
MAWRBETE, WMARAESS (B, HUKETT), . AHHK, HBN 24 m MBIESE, HiAEs
BOU R 40 %00 BERO TR0 5 AU LR i o AL AT, B ARL. FARRL. EBhAHAL. 2
BAAFAIL, A E A . B RN, WEISEhR K SIAREMRBIS, I TR i
R, BRI KA e s S [ RE il A3 (T

x4 ETRBRESSH

W E A (m/s) SRiEBE (°C) WREE (°C) REFREME (°C/m)
ZH R HE 0.5~10 10~40 10~90 80

100 RiAAFEEE01m o— AT1-100 - RiAAFEEE1m

i ——AT1:150 ¥

80 —e—AT1:200 80 "

%60 ——AT1:250 %60 |

B 40 —+— AT1:300 ‘—@40 ;

B ——ATL400 5 |

£20 —&— AT1:500 =20 |

K —o— i J—aAT1:0000 KXoy
00 05 10 15 2.0 00 05 10 15 20

LFEAKEBEFEET/100m LR RKRBEEFET/100m

#*5 FWANBRIEFIXFER

DU B Pl FEZE RN AA v IR AR mp R R 57 T2 R T 3 5 S IR 2 4 . AR B
KAULHZEEZES L EIRbr: AR AR, REFEHE, Eﬂﬁlﬁfﬁﬁﬂﬂm?ﬁh\ﬁt{:,
AT LU H A G 5 3R BUR 2 SE LR BE R G O RE T o AR B8 1 A AL ARG T 50 P8 1 2R Ri IO H B
WAL ASCHS T ARG B 1, F R AT 1 m & 0.1 m JFEREEFRSILFZR, il B4 n] LA
ARSI SE B R IR BERRE B T MI4E REE IR R, W B3R 5. M FiRAEZER KR %N 80 °C, BrilAf
P24 R T R 5 2 i 22 L EANE L 80 °C, WIZARA 4 RIkBInl F. ik 5 aTLLEH, *ﬁ”’-ﬂtl:fﬁ'l
B RAZ X T AR R S o Al Aot Ve B s 7R KGRI 572 SR E 4 0.1 m BN, ZE4F FREEBIIA 1

005



KT EZATRIRE ZH—2017 2EEARLEFRRFRALVELE

B 121000 12 X A SE IR S BR R ASCHR BEAR FE RAEL, LR AR [R] EE AR v R P Y AR R] ;  JXGT]
HRIZRRE R 1 m i, ZREES R EE] 12 100 ) 12 400 B, A SEELSEBR A 0B (R

. AT L
Rl:T'ig; 1)
0
h=l.395
2

Kb L AURZERE;: AT BIARZIEENEZE: To AP EEE; U ALRB A hmitE: 2 4
RS E: o ARFIHTEEG: o A XIFR N XL R E R,

16 B A B8 FURELR 0 8t A mp M A0 )2 TR T 0 5 3 o S PR S P o 2R B RIRE RS
JOI R E, Al ORISR0 77 B BT . X R IR B B L I 5 )2 5 75 R A2 1R 6 i sk
WA BIRHE T 27 KUK 2850 KA S SCik!™, il T T RED S (M, R B BE T g L
WK BB 30 em efq s ARG A LR 2, MR CH EERE Pl mE R mEn 4~ 6 %
FE: AT AU BRI E, FEARREE T 8m KMMERX , MR XK &
R 2m. HREAHR 24 m KU ESMFRE, wTUHEARIRERKRELAN 1.7 m, MR oREAE
MAKSE N 6.8 m~10.2m, REBHERAKEAN 172 m~20.6 m. ARG AR B 20 m, 7] BUIIEA
i A2 A TR R R B R FE R R o teAh, KU TE R i SR R iE AR 2 REGESIURER
JER KRR, TR RI/E D MRS T, B RZEER AN 14 m; (5 H B LBHREET,
JER A A2 E B R 1.07 my X 5L S Z M e B A3, o] DA 2 B 2k

4 B %

AL A BN B B R AR ER I R, 38— ke BT LS B0 A % i 5 Wt o B P (R s
IRBL; 45 kBB AT BLSe B M A b PR Al 2 (AR AU o S AP AS SO 2o % HE IR 5 S At ]
KR SR, RS RO B R BB R . BRG], KB BLICRE . AR,
{5 T 2RI P T 52 43 T A BT S i T AT

5% Rk :

[ 1] WALCZEWSKI J, FELEKSY-BIELAK M. Diurnal variation of characteristic sodar echoes and the diurnal change of
atmospheric stability[J]. Atmospheric Environment, 1988,22 (9): 1793-1800.

[2] SNYDER WH. Some observations of the influence of stratification on diffusion in building wakes.in I. P. Castro and N. J.
Rockliff (eds.), Stably Stratified Flows: Flow and Dispersion over Topography, Clarendon Press, Oxford, U.K [J]. 1994,
301-24.

[ 3] UEHARA KIYOSHI, MURAKAMI SHUZO, OIKAWA SUSUMU, WAKAMATSU SHINJI. Wind tunnel experiments on
how thermal stratification affects flow in and above urban street canyons [J]. Atmospheric Environment, 2000, 34 (10):
1553-62.

[ 4] KOVAR-PANSKUS A, MOULINNEUF L, SAVORY E, et al. The Influence of Solar-Induced Wall Heating on the Flow
Regime within Urban Street Canyons[J]. Panskus.

[ 5] CERMAK J E. Thermal effects on flow and dispersion over urban areas: Capabilities for prediction by physical modeling
[J]. Atmospheric Environment, 1996, 30 (3): 393-401.

[ 6] CERMAK JACK E. Wind-tunnel development and trends in applications to civil engineering [J]. Journal of Wind
Engineering & Industrial Aerodynamics, 2003, 91 (3): 355-70.

[ 7] HANCOCK P E, PASCHEKE F. Wind-Tunnel Simulation of the Wake of a Large Wind Turbine in a Stable Boundary

006



HFM—. AR IRAEL N EAK

Layer. Part 1: The Boundary-Layer Simulation[J]. Boundary-Layer Meteorology, 2014, 151 (1): 3-21.

[ 8] HANCOCK P E, PASCHEKE F. Wind-Tunnel Simulation of the Wake of a Large Wind Turbine in a Stable Boundary
Layer: Part 2, the Wake Flow[J]. Boundary-Layer Meteorology, 2014, 151 (1): 23-37.

[ 9] HANCOCK P E, ZHANG S. A Wind-Tunnel Simulation of the Wake of a Large Wind Turbine in a Weakly Unstable
Boundary Layer[J]. Boundary-Layer Meteorology, 2015, 156 (3): 395-413.

[10] HANCOCK P E, ZHANG S, HAYDEN P. A Wind-Tunnel Artificially-Thickened Simulated Weakly Unstable Atmospheric
Boundary Layer[J]. Boundary-Layer Meteorology, 2013, 149 (3): 355-380.

[11] OGAWA Y. DIOSEY P G, UEHARA K. UEDA H. A wind tunnel for studying the effects of thermal stratification in the
atmosphere [J]. Atmospheric Environment, 1981, 15 (5): 807-21.

[12] #oKE. HTF RS RO R #E ], PUIEREE, 1987 (1): 3-10.

[13] Liao Chung Min, Chiu Kun Hung. Wind tunnel modeling the system performance of alternative evaporative cooling pads in
Taiwan region [J]. Building & Environment, 2002, 37 (2): 177-87.

[14] JRlar WA=, G09F RE. B4 %17, M A =, RN 800 BB R BRESERE 0 MMAEC T 5 R
MifF. 2 2 3 AR - 50 2 MZIE L YEmEC > v T [J] @RHERE EREW, 1989

[15] 5K K. dalKAR, BRINA. KB AERES) 485 H ShaHa Ui U S 56 & BF ] (0] AR AEIR, 2008, 29 (5): 509-14.

[16] ZHANG LEI, FENG YANSHAN, MENG QINGLIN, et al. Experimental study on the building evaporative cooling by
using the Climatic Wind Tunnel [J]. Energy & Buildings, 2015, 104 (360-8.

[17] ZHANG L. FENG Y S, MENG Q L, et al. Experimental research on the evaporation cooling of porous decorative tile
based on wind tunnel[J]. Hunan Daxue Xuebao/journal of Hunan University Natural Sciences, 2014, 41 (9): 113-119.

[18] Hizdnk. =k K IEE BRI AR FT[)]. RSB AR AARIFER, 1994 (4): 469-480.

007



AT EEATEERL EH—2017 2B AR LT RFRAOURLE

WimFGE SR X SR RIS

FTEA, WKA, HhoF

PG & R R RS, BRI 710055 )

B OE: WIeh 7 PR S K R . ol TR R S S A AR B S Gk v A DG R B B A X L A
TR T Bem AR X B AR (AR RS S BRI, 91N “HAET WS, b2 DA B I e v X AR
RS 5 R I S A DX S 22 S 1 BB A Tk DX A e

XA BonARARR: RESEG AR R

Study on Climatic Regularity of Extreme Hot and Humid Climate Zone
Dong Guoming, Liu Dalong. Liu Jiaping
(Xi" an University of Architecture and Technology, Xi’an Shaanxi 710055 )

Abstract: Define the geographical range of extreme hot and humid climate zone. Analyze some related meteorological
parameters of the south China sea islands and cities in hot summer areas. Point out “extreme hot humid™ connotation and
characteristics of the extreme hot humid climate zone. Introduce the concept of ** hottest season™ to further compare and analyze
the climatic differences between extreme heat and humidity in China’s south China sea and hot summer regions. Provide the
climatic regularity of extreme hot and humid climate zone.

Keywords: extreme hot and humid climate zone; meteorological parameters; climatic regularity; hottest season
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