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Vibration Reduction of an Air Cooled Heat Exchanger
with Axial Flow Fan

Goo-Choong Jung, Yeon-Sun Choi

Abstract

Vibration problems induced by an air cooled heat exchanger with axial flow fan were
investigated during the operation of a petrochemical plant. Two different studies were
done; one was experimental field test and the other was theoretical verification. To find
main cause of the blade passing frequency of the fan after installing additional blockage
board at the air inlet of the axial fan, the frequency spectrum was measured. The
vibrations of the blade passing frequency became higher. The natural frequency of
driving support of the heat exchanger was theoretically calculated. It was approximately
equal to the blade passing frequency. During the normal operation of the plant, it was
impossible to modify the structure of the driving support. Instead, the blade number was

increased to reduce vibration level.

It increased the ratio of the forcing frequency to the

natural frequency of the driving support over the resonance region.
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Fig. 1 Schematic diagram of air cooler
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Table 1. Specification of each system

Specification \ System “A” “B” “c”
Motor speed(rpm) 1185 | 1185 | 1780
Fan speed(rpm) 208 272 296
Fan dia.(m) 4.88 3.96 3.35
Fan blade number 4 4 3
Fan pitch angle (°) 7.6 112 | 50
Fan blade material Al Al Al
Motor power (Kw) 37 37 75
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Table 2. Vibration level of air coolers
(unit : in/sec RMS)

System; Vib, limit | MIA MIV MIH
A-11 0.37 0.74 0.25 0.28
B-2 048 0.92 0.35 0.72
c-2 0.39 0.15 0.67 0.25

ex) A-11: number 11 air cooler of "A" System
MIA : axial direction of the motor

MIV : transverse direction of driving support
MIH : longitudinal direction of driving support
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Fig. 2 Modification of driving support
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Table 3. Vibration level after stiffening at
the driving support.
(unit : in/sec RMS)

Syst M i Afte
ystem (.easunng Original : r '
No. point stiffening
A-11 MIA 0.74 0.99
MIV 0.25 0.35
MIH 0.28 0.51
B-2 MIA 0.92 0.30
MIV 0.35 0.70
MIH 0.72 0.70
C-2 MIA 0.15 0.42
MIV 0.67 0.82
MIH 0.25 1.21
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Fig. 3 Frequency spectrum of A-2 air cooler
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Fig. 4 Frequency spectrum of B-2 air cooler
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Fig. 5 Frequency spectrum of C-2 air cooler
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Table 4. Specifications of the driving Support

SWC- \ S,VStem “A” "B nCr
Width(mm) s | 76 1 720

Main Beam Dim.|[UPN220 {UPN200 [UPN160
Beam Material C.S C.S C.S
Motor(Kg) 600 600 120
Fan (Kg) 200 150 100

e RORL R P

Fig. 10 Modeling of driving support for
the system "A”
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Table 5. Natural frequencies & blade passing
frequencies of the driving supports

(unit : Hz)
Frequency\ System "A" B nCr
Natural Frequency 13.8 16.4 21.0

Blade Passi
ade Tassing 138 181 | 148
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Table 6. Vibration level with the variation
blade number
(unit : in/sec RMS)

Measuring |Blade | Blade Vibration
Point No. angle(®) | level
A-11{ MIA [4->6 | 76->43 | 0.99->0.10

MIV 0.35->0.06
MIH 0.51->0.12
B-2 MIA [4->6 [11.2->83 [ 0.30->0.14
MIV 0.70->0.21
MIH 0.70->0.12
C-2 MIA  [3->6 | 5.0->0.0 | 0.42->0.10
MIV 0.82->0.07
MIH 1.21->0.09
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