4 52 B4 1 Moal it & it KR ¥ ik Vol. 52 No. 1
2020 4F 2 H Journal of Nanjing University of Aeronautics &. Astronautics Feb. 2020

DOI:10. 16356/j. 1005-2615. 2020. 01. 019

BB S AN e T4 i 72 XU 7 2S5 5 1 43 i
B, AR

(1. P BT 25 L R K2 R 2 Be , m &L, 2111065
2. P EBER A B A AR A B BT B A R AL M, 510700)

FE: B N AR RS 220 mAR KA A 2 R, K F KRB (Large eddy simulation, LES) 7 i #4146
T AT AR A 23 B B AR fe AT BB AR, R ORI R 5 A 45 R 5 HLTE B S v & B AT AT LIS IE T A A M0
A, XA E SIS THR I AT EEZTFHERDNERT Z5FHE, FRAFIWHRT T4
RRF BB, T2 05 2R N5 REDF R S/ MH 2R F# LR E MR a 48T A4/ m
HERBEEGE TR, FETROZREMSLSRMGE TR EHFEFTFIAX, FRAN,ETHS
BIBC IR AR R TN E T EMRAR , L PHEA P AR R REMAR TR AL T, AT HE
I RS R E A BT 2R D FEFE DM ZRR DB RGLY T H 2 FEERZA T T EHE
MEE K M E3REC M SRR S R B IR G TR/ A e T A BRI . L8R THRE
K AL h I 25 T R BRI A K

KRR A KA A e T AT MBS g AT R

FESES: TU279.7 MEARERD: A XE4HE:1005-2615(2020)01-0150-11

Frequency Domain Characteristics Analysis for Wind Loads During

Construction of Super Large Cooling Tower

XU Lu"?, KE Shitang'
(1. College of Civil Aviation, Nanjing University of Aeronautics &. Astronautics, Nanjing, 211106, China; 2. China Energy
Engineering Group Guangdong Electric Power Design Institute Co. , LTD. , Guangzhou, 510700, China)

Abstract: Taking the world’ s highest 220 m domestic super large cooling tower under construction as the
example, the flow field information and the three-dimensional aerodynamic forces during construction period
are obtained based on large eddy simulation (LES). The average wind pressure distribution of the entire
tower results are compared with the standard and the measured curves to verify the validity of the numerical
simulation. On this basis, the average wind pressure and pulsating wind load variance distribution
characteristics of the whole construction process of tower drum are contrasted and analyzed. Then the ritual
law carrier [requency domain features of the whole construction process are systematically contrasted and
studied, which include wind pressure power spectrum features of typical measurement points, the power
spectrum of lift and resistance coefficient, ring to the coherence of typical measurement points, and the
vertical coherence of lift and resistance coefficient. Finally, the calculation formula of the power spectrum

with height for typical measurement points is fitted based on least square method. Studies show that the
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pulsating wind load energy of the tower under construction and the whole tower are both concentrated in the

low frequency area, and the pulsating wind load at the central tower drum is weaker than that in other

positions. With the increase of construction height, the power spectrum density function of pulsating wind

load and layer resistance shows a trend of decreasing first and then increasing, the power spectrum value of lift

coefficient is bigger in the lower part of tower and smaller in the upper part, and the ring to the coherence of

typical measurement points and the vertical coherence of lift and resistance coefficient are gradually

weakening. Main conclusions can provide a reference for the value designing of the wind load for this kind of

large cooling tower during construction.

Key words: super large cooling tower; the whole construction process; frequency domain characteristics;

power spectrum; coherence
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Table 1 Calculating parameters under different construction states
T 1 2 3 4 5 6
A
SRR
B 2 = 15 35 55 75 95 128
=% /m 50.90 80.07 109.60 139.43 169.41 218.84
R/NER/m 78.00 71.00 65.73 62.54 61.67 61.67
e /NEEJE /m 0.51 0.49 0.45 0.38 0.38 0.38
(a) Stereogram (b) Planform
(c) Whole grid (d) Local grid
BT B3 R R AR A S 43
Fig.1 Sketch maps of computational field and model mesh
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Fig.2 Velocity and turbulence profile sketch
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Table 2 Parameters of the mesh quality under different

grid sizes
S B/NMAE  EECR MAsEGE  RRER
- Rt (R4 UM A i
1 0.40 1783 1 800 0.78
2 0.30 1833 1852 0.78
3 0.20 1975 1996 0.74
4 0.10 2 200 2176 0.73
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Fig.3 Wind pressure coefficients of typical nodes under

different mesh numbers
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Fig.5 Mean wind pressure and wind pressure correla-

tion of wind tunnel test and numerical simulation
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Fig.6 Pressure coefficient distribution nephogram on the tower drum surface under different conditions

287 B2 R B B T v B R AR O 22 B S

NI HE DR B A 5 2% 00 A TR0 A5 Bk 3 AU A 28

MRy 28 26 5 .35, 00 430 UTHNAR 5 22 80K, T 6
7 R A DX 20 i IX AR TT 22 5K
100

3—61 80 —1I20 —60 0 60 120 180
AL/ () HEAL /() AP/ (%)
(a) Condition 1 (b) Condition 2 (c) Condition 3

35
60 120 180 ~-180-120 60 0

0 1
-180 -120 -60 0 60 120 180

3—0180 -120 -60 0

60 120 180 3—0180 -120 -60 0

60 120 180

3—0180 —1I20 —60 (I)
WA/ (%) HHME/ () WA/ (%)
(d) Condition 4 (e) Condition 5 (f) Condition 6

60 120 180

7 TOUE B B R R BRAR T 22 26 ) 23 A ]

Fig.7 Distribution of root variance of the wind load on the surface of the tower under different conditions
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Fig.10  Lift coefficient of power spectrum distribution curve under different conditions
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Fig.12 Drag coefficient of vertical coherence distribution curve under different conditions
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