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Reliability of CFD simulation for the wind pressure on a cubic after
another cavity in comparison of wind tunnel experiment
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Abstract : Urban ventilation or wind environment focus on the air flow distribution and pollution dispersion which
are studied by the tools of wind tunnel and computational fluid dynamics (CFD) simulation. The latter is easy to be

employed, but its reliability is under suspicion due to the high uncertainty of air stream. In the city, the sheltering

i 5 H 81 :2019-04-27
E£WMAB:HEKAARPEIESG (51474105,51308206) 5 B 4% & [ br & 1E 5 H (2014DFA72190) 5 # 75 44 BF 58 4= B BF 1 37 5
H (CX20190799)
YEE T A AT AT (1995- ) . 2, F 2R 5038 X5 95 BET 5T » E-mail : fulinli2018@163.com,
BHE GEEVEE) . B, 1, B 242 . E-mail : yinwei@ hunst.edu.cn,
Received:2019-04-27
Foundation items: National Natural Science Foundation of China (No. 51474105, 51308206); Ministry of Science and
Technology International Cooperation Project (No. 2014DFA72190); Hunan Provincial Innovation
Foundation for Postgraduate (No. CX20190799)
Author brief:Fu Linli (1995- ), main research interests;: HVAC, E-mail: fulinli2018@163.com.

Yin Wei(corresponding author), PhD, associate professor, E-mail: yinwei@ hunst.edu.cn.



S 1 AR AT F AR S 69 T A A SR @ RUR CFD ARt g =T § R AT 52 181

among buildings affects each other in air flow, and the basic element is the two-building model. Shade problem
between the two buildings are divided into upstream building with a hole (such as drafts) with no hole two
situations, Reynolds average model of using CFD (RANS) simulation of wind pressure on the surface of the
building downstream, and compared with wind tunnel experiments are strictly, to discuss the CFD method in
question the reliability of the basic unit. The analysis of grid sensitivity states that the smallest side length of the
cell around 2% of building height is sufficient to obtain steady results. The comparison of five typical RANS model
presents: the reliability of RANS model to the upstream with hole occlusion was significantly higher than that of
simulation without hole occlusion; estimations on upper parts of building are more accurate than on lower parts;
the SST k-w model can acquire best results with error of 11% in porous interfering building, and with 16% in
sealed one, in comparison of experimental data.

Keywords: urban ventilation; building sheltering; wind pressure; computational fluid dynamics (CFD);

wind tunnel

F T3k ol XU sl i SRR ) R H R R
AR 2 () A B A B AR A Bl TS B i O
L, AR E P FERRNEZ - &
SN TR ES 7Rl B ¥ AN O G A = S o 3 W
M R - B 235 & 17 Ak i A Y, B A% 15 3 A X B2
CEAPE e S Ry N 1 5 3 A SN
[R5 I Sl By I I A5 N i = A 2 NI R
(Computational Fluid Dynamics, faj #ix CFD) 3 #F 5%
2 (] 0, HL b L 0 N A0 1 AR S A U AR Sk B 5
e,

Straw 25 (14 30 KUWF 52 26 B, 5 00 4 A9 (R R
(22 287 ~32Y) M EL . I R A S L 0 iR
Y485 A 158 T A R 3 Sy o B b 350 00 4 RO gt ok, > A
TECROTF W HE Ty RS F— T4k B K1
A AT . X R 38 KUY BF 5T . Kavara 2850 £ X
— AN T — M B R AT TR SE R, F
EI s SRR Sl o s I R 1 e B o o A - R
T, IR 8 R 5 FRE S A A T A K
55 SR AE T8 A 25 30K, # SR 22 [ 19 388 14 25 AR K b i)
55 B AR 38 XU 8RS PR A SR Y A G R R O R
B, A ER R, FEHE RN
() 7K 5Py ) 3 L o) 6F A8 SR o 2 5 e 3
F Kavara 5" [/ 5¢ , Tominaga 55" £ A [7] #5
R g — B R0 IS e B 00 Ak iR e T
F SRS 0 TG B R A R P A S O R B LA
P SR I g A AR K AR R R 3020, ]
Tominaga S AU FE T B X [i] g 470 P4 348 28 2 XU 43
i H . Van Hooff 2 3 F Tominaga 21 52
B 25 B O P G O . is I CFD Jr ik iff 47 1T
BELBEE. 45 R B o, I A 0 &l 3R
(Reynolds Average Navier-Stokes, faj /g RANS) 7] L) %
B H A A0 S SR PN S 108 A0 3 » A T 12 B v A AL i
FEE A - 1 K IR A Y (Large Eddy Simulation, f&] #f
LES) WAT DA Gy s A5 400t B A 2 880 A 46 T2 i Ik
SIfE AR . H Smal ' £ X Tominaga %5 A4

BERIE L e R E AT 34 NS Jr FR B A 5 e s
1 NS 7 72 (RANS 5 URANS) #E47 T 44,
S5 UL R L T R BT AR I 1) R RN s O B B 4L 2
RS SR A R AWy BE# 25 A RSM i i 452 40 i
)2 A B XU 5 S A — 3K

DL g 0, CFD L F A 4 5 7 S
T P R A 22 HoR VS BN A S FLEE TR
Ui S SR S ) B R L 2 i XU e e 3R 2% 1 R )
MISZMR . X Ui A S A FLIEE RS 5 TE AL e A
BRI IE K CED B0 25 5 5 KUl 56 56 B s #6175 ™
X b PR GEAE B2 vo A 00 AT S 2 1 [ B i A1 - 55 A
PSR 5 ) AR
1 RUER®IZE
1.1 MRARSER

Ry T e G v S I AR R T A SR B R 2% . B S
TSR S Karava S5 MM @ FE A, 5
Tominaga %" S 5 o 14 B8 R~ 58 2 M TF) 5
SEEESEL B 1 100, bR P AS 8 3R Y ANE R
HHWXDXH=0.2mxX0.2 mxX0.16 m, 5 &5
(i) F B2 0 T Ry 2 A AR BE B (0.4 m) . H it —
0 VN B R R = L T TR S P 3
YR DA FLEER . BF a5 s, How XUm
5595 KR4 — A A R 1 RS AL B X AR OT L O
1Ao7 8 A T 360 XU T R0 KUTED 0 8 B2 A =80 mm,
FFH R 3.3X10° m*;2) TofL#E+Y , bl @ 5 A
Jyrhas @A H A A R 1L B AR,
ML B ANE 1 s, B RS0 E T T
i S SRR 1A o S U R 5 o0 A a1 2 TR
1.2 KiEiEZE

AT Ay — JAE 7K P i e A 2 gk 3 B A XL
T KGR RS B K 21 moR 3 mL e 4 m, ff AR TR AN
FETH RS B i 2 A R A g L 3 R KA AR IR
Bl R . o I AT 257 301 IR N 48 5 0.25 19
PRI 2L WL (D)




182 2R B R ¥ LR ZF RO E D % 42 %
200
1
8 = =
LZ. z 1&. l -
D=W=1.25H T D=W=125H T54TT 92 T
(a) ¥l IERE (b) EFFFEALER M (c) EIFAFLERIERE  (d) L¥FAFLEmE
B1 BHR(EAG:mm)
Fig.1 Building size (unit:mm)
150 o . . . 3 3 3 . . 150 o . . . . . . . .
140 o . ° ° ° ° ° ° . 140 o . . . . ° ° . .
120 e o o o o o o . 120 » e o o o o o o .
100 o e o o o o o o . 100 e o o o o o o .
80 o . . . 3 . . . . 80 ¢ . . . . . 3 . .
60 ¢ . . . . . . . . 60 ¢ . . . . . . . .
60 o . . . . . . . . 60 o . . . . . . . .
20 o . . . . . . . . 20 o . . . . . . . .
10 o ° . ° ° . ° [ . 10 o . . . . ° ° . .
=25 25 50 715 100 125 150 175 225 =25 0 25 50 175 100 125 150 175 225
(a) IE¥A (b) fiBLE
200
175 e o o o o o o
150 . . . . . . .
125 . . . 3 . . . A (]ﬁm)
100 e o o o o o o C (Zefm) D (FMXH )
I B GRAE) E (£8)
50 e o o o o o o Wind
25 e e o o o o o }
0
0 25 50 75 100 125 150 175 200 J’% 200 ot
(c) A (d) >rmE
H: e g
B2 THEHARANISEE
Fig.2 Measurement points in downstream building
U .\ 0.18 7 f 7 \
zz _ (i) (D ] Iu Lo
UH H B I '
AU, MUy 20900 8 B = FE e 2 H A iy ST - S '
ST 3 1 3 sooEd
A 0 ke Y XL 3 AT Tl ) 3 ABL R i £, ) 53l
TSl RETE s B BRI L £k (2D . *RZ v *Rz \‘:.
- ' -
IC(Z) . —0.19( 2 .l \.
U 0.058e (i) (2) 1 j 1 .\_-\_
-, [
A e (2 AR PE = A S RE - 0703 05 05 12 15 T8 0 0.02 0.04
3 g S o 520 e XL 2 5 30 . e U, il vioa

2. R I T S KU, AR S R H AL
(0.16 m) M5 R (U ) N 4.5 m/s, XiF B 18 i 54
47 000, XAFHWEEY Tominaga 55 S5 i
45 0004223 , ik B 5 15 B0 37 (Reynolds Independence,
MR . 3 M AENEE LRSI
FEAL A 45 R, 20 B B iy s .

SR B 114 S 36 5 A A0 4 > Ui KU L XU 7 R i
TRE AL S HR SR H = 4E bk 3l XU { (TFT, Cobra
Probe) #47 WG I 5 ; % F PSI 22 w] 1Y 512 38 8 H

(a) SR RNLL (b) THHRhARRIZE
B3 XiESELE ki i £k B

Fig.3 Inflow profiles of wind tunnel experiment
TR A R AR G AT D i I IOl 30 s,
RAEIAR Ny 332.5 Hzo RAEFECN 301 A~ il #4352
B i AR R T T 150 I & B R
MRS AL T B S P 2R T em Y BRE &
T, R AR BE FE RS T 2 e, £E XU AR E S F
SR Ry 60 s, R AR BLIC ) AT AL 52



%14

AP H L EF o LR BEY THEZSETNE CFD 36 TERAFR 183

6 A P A
1.3 B4

TERIR F A T AL S 58 20 53 o i A LB 5
B JCFLEES AR P LA S IS B N 4 B

=]
-1
-

Wind

(=
o
—

(a) BHUBAREE ($47: mm)

 SE- -
(b) B ELRREE
B4 ITHE

Fig.4 The diagram of experiment

2 CFDEHIEESSH

21 HEEHEE

PR S R 5256 v i A A A ] L 5 B S A AR
H B 13 100, 55 BE 5 RAGAR AR EE Y R 3 mm, 15
13T Tominaga 26 I Blocken' " [y 5 (452 45 F A4
RS P B 4308 0 TS RN AN Y B S Ok SHL
U SR T DA RN T B ) B
15H , iZ X8 B o 5 B 3 A5 (3HD ,
WG B T LRI o) 24 3 3 20 ) 1A A O 1) A B Y
ARSI AR AR R T R 5.32 mX 1.8 m<0.96 m
(LXWXH),5 Van Hooff Z" B 57 v 19 i1 2 35k —
O AFEIRAT 5 d SRR A A& 5 R .
22 BREHEE

fE Fluent 34 v s B A5 0 i1 B4 5% 14 - i 1 0 4
SR A 3 5% v A B o B s TR K ) T A 3
B Symmetry; ) 4L % B N Vent-outflow;
A HAb i & Velocity-inlet, i1 #4474 4 13 F B XU
TSER R B ML S M e &L Hms m
UDF ., i i1 25 0 5 BRI 52 56 300 0] 0 4 1 . 3%
T2 L) 38 1 7 pR B33 A ) 32 X B 1 4 73 AT
H I 7 A Y X RO R N

U :u’ciln(z —: ZO)

e R XGRS v B BRI L - 2 R
0.42;2 N EAPR. B FXTE0E #E TR F i, R
FAXPECR BT B0 AR R ¢ IMRNTE wpy (H. =

3

L/

/4
/‘“\\\".'(

(a) HEBRS (BfE: m)

(b) THEIRIE

(d) TFHERHIRPLE
Bs EiMERNITESRER

Fig.5 Computational domain and model for basic grid
R = ST S A E 2 U2
2ot P 00 5 P93k 2 A1 o A2 46 /N EE 9T 20 = 0.000 9
m, TR RFERCE ¢, WA @D,

TN
) = e “
P15 SST k- BRI PR EFERCR w» W5 .
_e(®)
w(z)—cﬂx(z) (5)

Kep.C, B%T 0.00 AR W, LIS
%8 % A Richard 2517 Gousseau Z51%2Y P} Van
Hooff 2 ff 5t CFD By S5 E .



184 K5 x%E 2 FHKP ZE D

%42 %

K H ANSYS () Fluent 84 #4731 5, i+ 55
A Ay 5 2K RANS #i B . Standard k-e #8 (B &-
e B, F A FK SKE) . Realizable k-¢ #52 A (n] 52
fb ke KL, {7 #% RLZ). RNG k-e i (fd FR
RNG) \SST k- BRI FR SST) Al RSM i i 15 74
(PR RSMD . Fir 446 5 B8R P A IR
R 3R AT B Bk . % ] SIMPLE J7 &84 1 )1 fl
B . SR Intel F5g 32 &Z .0 AL HLEY , Fr A B Y
AR 44 H
23 HIERERZE

Xof S5 55 A0 T A5 245 S 1 5 (6) 15 B A 1
_P—P,
- 1/20U%
KA :Cp HE MBI REREG P A B EAE: Py
R AR s p IS B U N dE5 8 A 1
M (7)) 15 3 £ TR AR AE AT 8 XU &R
H .

(6)

P

K Se, N WEE S ¢ R E AL E 2 XUE R 2L
fHsi 4 AB.C.D.E [fii;Cp, g N U ¢ 1Y P
PR Z 0 5 Cp S R 30 22 550 7 A T 257 249 JXUFE. 2
Y X EIIE . 8 X Seps AR SEEG /Y 7 18 bR AL
BIXE R EE . #2508 5 A 17 % b, i
KO RNEI G LI IR,
~(Sen,
;Z;(va, - 1)

A E ORI 45 R 5 S A R R 2
24 S5XBWERHINTLE

LA FIR M S Van Hooff 2 58 42 A [F] )
PSR 5 ML 7 3 R b e A ST PN 9 AL 3
J£ 5 Tominaga 55" fy 52 5 K #EAT XS 1L . 19 2 Y
PO /D =0.125.0.5.0.875 & 7 i £k
MR JE (Ux /U ) X SR ANE 6 s . 4
T AE R 5 SRR L 13 T AR D A 45 SR Ee 2 B 4
LRGSR AE RARIE RN S W] R SR AL T ik

2

Cp:
Scpi = Ch YD)
Lo x/D=0.125 1o %/D=0.25
0.9
0.8
0.7
0.6
=05
=
0.4
0.3
0.2
0.1
X 0.0 L L
-0.3 0.0 0.3 0.6 -0.3 0.0 0.3 0.6
U Uy UdUy
(a) x/D=0.125 (b) x/D=0.25
Lo x/D=0.625 Lo %/D=0.75
09| Wl
0.8 A
0.7 ' 1—\
0.6 i
i '\
Zos N
0.4 [ NS \'\ BN
VN
0.3 N i
5
02 N
/"',\I
0.1 e 41
174, O
0.0 1 1 X 1 .
-0.3 0.0 0.3 0.6 -0.3 0.0 0.3 0.6
Uy/Uy U Uy
(e) x/D=0.625 (f) x/D=0.75
if: # EXP ----SKE - —RNG —--RLZ ——SST ~----RSM

e 2o >
2 S SR K
1.0 x/D=0.375 1.0 x/D=0.5
0.9 0.9
0.8 0.8
0.7 0.7
0.6 0.6
=05 = 0.5
N N
0.4 ] 0.4 '-\_
0.3 0.3 K4
0.2 0.2
0.1 0.1 |7~
4
0.0 L L 0.0 "
-0.3 0.0 0.3 0.6 -0.3 0. 0.6
Ux/Uy UdUy
(¢) «x/D=0.375 (d) x/D=0.5
1.0 x/D=0.375
0.9
0.8 a bcde f g
0.7
0.6 Y
2k
Zos : :\
0.4 "o 2
1\ 4 Lot
! L
0.3 vy,
\ R3S
0.2 \
7 b
0.1
»,
0.0

-0.3 0.0 0.3 0.6
UxlUy

(g) #/D=0.875

—o0
Eo6 EHREZEHRNBIRITEBNEE (Ux/Uy) SRIWERITLE

() B (a) ~E (g
MEREE

Fig.6 Comparison of dimensionless mean x-velocity (Uy /Uy ) obtained with different turbulence model with wind tunnel measurement
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Table 1 Standardized numerical analysis of different models in the case of hole occlusion

S B 5 A A B C E 5 Expli®2/% 5 Exp2i#%/%

Expl —0.77 0.97 —1.13 —1.16 —0.97

Exp2 —0.83 0.99 —1.09 —1.12 —0.97

SST —0.88 0.78 —1.11 —1.20 —1.03 11 10
RSM —0.92 1.12 —1.00 —0.95 —1.00 15 11
RLZ —0.99 0.82 —1.09 —1.01 —1.09 17 13
RNG —0.87 0.59 —1.36 —1.33 —0.85 22 23
SKE —0.81 1.53 —0.89 —0.89 —0.89 30 28
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Fig.12 Comparison of mean wind pressure coefficient between the backline and the waistline of

the downstream building shielded by a cube
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Table 2 Standardized numerical analysis of different models in the case of on hole occlusion

S SRR A B C D E 5 Exp3 i#2:/% 5 Expd %2/ %

Exp3 —0.74 0.83 —1.17  —126 —1.01

Expd —0.88 0.79 —1.18  —1.14  —1.02

SST —0.77 0.62 —1.02  —151 —1.08 16 19
RSM —0.68 1.76 —0.82  —0.92  —0.82 54 59
RLZ —0.83 1.23 —0.97  —0.99  —0.98 25 27
RNG —0.69 1.51 —0.69  —0.96  —1.14 43 47
SKE —0.76 1.69 —0.85  —0.84  —0.86 51 54
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Fig.13 The velocity vector diagram of vertical plane with hole occlusion and no hole occlusion
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Table 3 Standardized numerical analysis of SST model with hole occlusion and no hole occlusion

S TR A B C D E 5 Expl /% 5 Exp3iR#/%
Expl —0.77 0.97 —1.13  —1.16  —0.97

A LI 3 —0.88 0.78 —1.11 —1.20 —1.03 11
Exp3 —0.74 0.83 —1.17  —1.26 —1.01

T 7L e B —0.77 0.62 —1.02 —1.51 —1.08 16
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Fig.14 The visualization diagram of the downstream

building shielded by a building with two openings
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