ZAE Ad #1248 A3E(2016) / pp. 24-31

Evaluation of Wind-Induced Vibration for Multiple Stacks
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ABSTRACT : Wind—induced vibration is a phenomenon that a struture is oscillated due to wind force such as
buffeting, vortex shedding wake and etc., which is one of important characteristics to be considered for design
in case that stack has significant slenderness ratio or low natural frequency. International design standards of
stack define several criteria for evaluating the suitability of stack design, which describe the required design
considerations for each range of design parameters and provide the instruction to verify the stack design
against wind—induced vibration simply. However, there is a limitation that they cannot provide quantitative
information in case code requirement cannot be satisfied due to constraints of plant space or economical
design. In order to overcome the limiation of code, integrated numerical analysis of computational fluid
dynamics, harmonic analysis and finite element analysis were proposed to investigate wind—induced vibration
for multiple stacks in actual plant. Simulated results of mutual wake interference effect between adjacent
stacks were evaluated and compared to the criteria in international standards.
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Fig. 1 Plot plan for heater stacks for analysis
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Table 1 Stack properties and dimension for
Calculation Quantity of Stacks

Quantity of Stacks
Material JIS SS400

Stack Thickness (mm)

casing Young's Modulus (MPa)

Density (kg/m3)
Thickness (mm)
Young's Modulus (MPa)
Density (kg/m3)
Stack Height (m)
Stack Outer Diameter (m)

Castable

Slenderness Ratio of Stack

Distance between Stacks (m)
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where,

E : Modulus of elasticity, Pa

I Moment of inertia of stack cross section, m*
W . Mass per unit height, kg/m

H : Overall stack height, m

g  Acceleration due to gravity, 9.8 m/s’

ISO method® EN, CICIND code(l) ¢+ ASME
STS-1(3) oAM= ARE3sh= HHOZ Limit-state

Table 2 Calculation of critical velocity using API method

Material modulus  of elasticity at design temperature, GPa ]
Moment of inertia of stack cross-section, m* 0.111
Acceleration due to gravity, m/s® 9.806
Mass per unit height of stack including castable, kg/m 630
Overall height of stack, m 19.16
Frequency of transverse  vibration of the stack, Hz 8.682
Average stack shell diameter for its top 33% of height, mm NG
Strouhal number (-) 0.2
Critical wind velocity, km/h 275.0
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where,
m : Average mass per unit length, kg/m
¢ . Fundamental structural logarithmic damping
decrement, dimensionless
W Mass per unit height, kg/m
D : Outer Diameter, m
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Table 3 Calculation of Scruton number using ISO method

Average mass per unit length of the stack, ka/m 630

Damping ratio of lined stack with bolted joints, - 0.05
Density of air, kg/m® 1.25
Diameter of the stack, m 1.76
Scruton number, Sc (-) 16.27




1. Calculate Natural Frequency of the Stack

l

2. Computational Fluid Dynamic Analysis
(include 4 stacks)

l

3. Find out maximum pressure at natural Frequency

l

4. Harmonic Analysis

5. Stress Analysis

Fig. 2 Simulation procedure for wind—vibration vibration for
multiple stacks
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Fig. 4 Grid for CFD Simulation

Fig. 3 Grid for Calculation of Natural Frequency, Harmonic
Analysis and Structural Calculation
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Table 3 Input for CFD analysis

Wind Speed at Inlet (m/s) 275
Temperature (K) 300
Pressure (kPa) 101.325
Density (kg/m®) 1.225

Viscosity (kg/m - s) 1.7894x10°°
Reynolds  Number 3.32x10°
Time range (sec) 0-10
Time interval (sec) 0.01
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(b) Total pressure distribition at h=10m

Fig. 5 Wind velocity and air pressure distribution at t=9.01 sec
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Fig 6. Comparision of Pressure Value for Stack 1 to 4
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