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Estimation method and goodness of fit analysison natural
frequencies of large cooling towers

XU Lu, KE Shitang

( Department of Civil Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The natural frequency is the key factor that determines the dynamic deformation and stress of structure.
The natural frequencies of the existing cooling towers are mainly obtained by finite element analysis, and there is no
simple and effective formula for estimating the natural frequencies of the cooling towers. To resolve this problem,a
large cooling tower was takenas the reference tower. Firstly, 38 models were obtained by changing the typical
parameters of the reference tower, and the dynamic characteristics were analyzed. The law of fundamental frequency
changing with the structure parameters was also extracted. Then, the sensitivity of the structural natural frequency
parameters was analyzed by Latin hypercube sampling method, and the sensitive factors of various structural
parameters under different orders were obtained. On this basis, the practical estimation formula of multi-parameter
fundamental frequency considering sensitivity factor weight was innovatively fitted. Finally, eight cooling towersof
typical height and typein China were selected for the field measurements, and the first 10-order self-oscillation
frequencies of cooling tower were obtained by different mode identification methods. Further, the goodness of fit was
analyzed using eight seat structure parameters of cooling tower. The results show thatthe natural frequencies are
most sensitive to the height of cooling towers, and the sensitive factors are significantly higher than those of other
parameters. By using 8 measured towers, the formula for estimating fundamental frequency isverified. The maximum
value of self-vibration frequency fitting is 0.996, in which the mean value and mean variance of each target tower
are 0. 948 and 0. 047, respectively. The estimation formula ofthe natural frequencies is of high accuracy and
stability.
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Fig. 1 Sketch map of finite element modeling of cooling tower
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Tab. 1  The first 10orders natural frequencies and vibration
modes of cooling towers
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Fig.2 Distribution of natural frequency of cooling tower
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Fig.3 Relationcurve foreach parameter of cooling tower and the natural frequency of vibration
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Fig.5 Relative sensitivity curve of design parameters
3.2 BEREENIAGELX
AR B B R R R, SR
FRE X EHIE A, 5 6 0 B A 22 4 B e 5
K, -5 e e BE AR XU g B R AR G 2R T
AN SE B, e UM E B R I 25 2 8 (I
ey M g RS AR AR AR Sy H B R R0 AT 22 15T 2040
B, A 2 R BV AR R S A 5307 R

25.43 _(B0.36H)
Ff=31m+,82x42,14e w02 g

7.514 - 3. 60

Ps A-0.38 °

|HI 5 - 1Bl
|HI + 1Bl + 1A12 7 1HI + 1Bl + 141
B = o e P BRSO R
BRI F OB, UL AR IR 4T
VLT BRI S MEIRAG 8 FEs K SR TR,

RS AT 0 5 ) AR A
TS, WA R AL

25.43

Fr =047 80 (5)

4 B L R R AT

4.1 WXL AEFR RN =/ E

LRR G IRV I R PR AR BR % T Ak
SRAEIRER, BRI P 8 AR ML R i RIS L 0 v B 0k
FrEUG S, 161 6 25t T B SEN 8 e vl SIS HL At
AR, BT gy i TV A B A R ) 2
FORER LR 3 T 8 PRSI EMAT S BB,
4.2 BESHORRKRABRTI LS5
4.2.1 BESPUHIZER

I 8 S35zt T HF ARAM- ™ ITD i1 STD

(4)
EEEF' ,31 =

Al




12 &

Bt A% RV BV FLARIBR A T ¥ AU L BE

- 197 -

E 6

REABSHRE

Fig. 6 Location distribution of the cooling towers
3 PRI R v 1A 10 B ALk i
Pl 8 FIA, SR AN AR A R 5 5 2R A5 AU AT 10 B it
SRR AR R EI AR 220, 12 Hy,

FIRIAR I K258 M0, 15 Hz, B2 MR 7 il 4
ROFURN B — Ty 7 A A S R [

M5
e 4

M 3
e 2

e 1

I

7 RABESNANSHETE

Fig.7 Arrangement of measuring points
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Tab.3 Main parameters of the 8 measured cooling towers
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Fig.8 The first 10 orders curve of modal identification results of cooling tower based on three methods
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