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Experimental Study on Acoustic Vibration Suppression
of a One-Stage Tubular Heat Exchanger

Keiichi KATAYAMA*S, Mamoru TSUBOI, Takayoshi KAWAOKA,
Kazuhide OTA and Yuichi SATO

*¢ Hiroshima R & D Center, Mitubishi Heavy Industries LTD,
6-22-4 chome Kan-on-shin-machi, Nishi-ku, Hiroshima, Hiroshima, 733-8553 Japan

We experienced unusual acoustic vibration in the operation of a tubular heat exchanger, or, a gas
heater. This phenomenon is not one dimensional acoustic vibration in the direction perpendicular to
the gas flow and tube axis. Experiment shows the vibration is in the direcrion of the gas flow.
Therefore, it is very difficult to suppress by a conventional method after the onset of the vibration.
So we have to confirm acoustic vibration characteristics. We performed scale model tests of a one
-stage gas heater and checked some countermeasure methods which are effective.

Key Words: Vibration coupled with Fluid Motion, Acoustics, Noise, Self-Excited Vibration, Heat
Exchanger, Tube Bundle, Model Test
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Table 1 Scale factors of acoustic fields

Dimen-
sion

Length L L M ; mass
k
Speedelsound| €, | LT | (F)=1 i

[O: Funda-
Gas density | 0, | LM | (F)=1

Parameter |Symbol Scale factar Remarks

mental ratio

Frequency £, T alf=sa

Bevesberation| . | T | vagsva

Solume B |LMT*|  g7r=d

elasticity

Dampingratio| ¢, | — <1

Table 2 Scale factors of fluid elements outside tubes

Parameter | Symbol| P™% | Scale factor |Remarks
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Gas flow Table 3 Representative values of the actual and the
model gas heater

Center wall

S Tube bundle Physical quantity [ Unit | G e

| Soot blower Tube diameter mm 254 6

! Numbers of tube bundle - 4 X 1stage 4X lstage

| Bundle support Width of tube bundle | mm 2250 1774
Depth of tube bundle mm 1140 1323
Numbers of tubes/bundle | -— W45X D28 W15xD 15
Tube *ength mm 9000 (643)>586
‘Width of bundle container | mm 12400 884
Flow rate m¥s 373.4 10
Max. gap velocity m/s 972 55.4
Max. Reynolds number 1.1X10* 2.2X10*
Strauhal number — 0.355 0.355

Fig.2 Construction of the gas heater
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Fig. 4 Acoustic vibration map of measured acoustic frequency and sound pressure level versus mean gap velocity (gas
heater scale model, solid line: fx=0.355 V./D, dotted line: 2/x, SPL: sound pressure level)
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Fig.6 Example of measured acoustic vibration mode
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Fig.9 On the effect of tube array arrangement at the
entrance of tube bundle (With 2 buffle plates in
the tube bundle, no center wall or no bundle
supports)
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Fig. 10 On the effect of tube array arrangement at the
entrance of tube bundle (With 4 buffle plates in
the tube bundle, no center wall or no bundle
supports)
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