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Confirmation Test on Acoustic Vibration
of Multistage Tubular Heat Exchanger

Keiichi KATAYAMA®*®, Shigeki MORII, Mamoru TSUBOI,
Takayoshi KAWAOKA, Yuichi SATO and Zenshi IMAYAMA

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

We experienced unusual acoustic vibration in the operation of in-line array tubular heat
exchangers named gas heater. This vibration mode was not one dimensional in the direction
perpendicular to gas flow and could not be vanished by inserting baffle plates into the tube bundle
along the gas flow. So we had to confirm acoustic vibration characteristics using 3-dimensional air
flow scale model. Here, we report this test results about multi-stage gas heater and some counter-
measure methods. Especially we discovered that unusual acoustic vibration mentioned above did not
appeared in the case of some staggerd tube array having same heat transfer characteristics as in-line
tube array.
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Fig.1 Gas heater (initial design)
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Table 1 Scale factors of acoustic fields

Parameter |Symbol|DM™0"|  Sealefacter | Remarks

sion

sk | L | L | @D |u;mee
kg

Speedofsound | C, | LT # 1 O; Funda-

mental ratio
Gas density | 0, |L*M @':,1

Frequency £ T alf=a
Reverberation| | 1 | vagzv/a
Vol P .
gy | B |LMTY| &=
‘Damping ratio £, — <1

Table 2 Scale factors of fluid elements outside tubes

Parameter | Symbal 3:“' Scale factor | Romarks
Tube dismeter | 1) L o/a=321 @
Gap velocity v, | LT | mf=3.27 rsﬁhﬁ
Flow rate Q. | LM |m@dsazid 8 Total tube
axis section
|8 | ™| Fagma | =
Cy.p; Dynamic
ToalVortex | (Cp0)| LM [ arrpy, g7, | LR
exciting frce | XS, | ‘T2 | 20’ T o
£,4,;Tube pitch
Tubepitch _  Drai
e 1o
mYs
e o] | 2o
StraubalNo. | 8, | — ‘ 1
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Table 3 Representative values of the actual and the
model gas heater

Parameter Unit Actual L air flow model
gas heater 13
Stz d| In-line d| In-line
. $318 | ¢318 | o8 $8
Tube diameter
| @
Numbers of bundle — |4X2sta. [4X4sta. {4X 1~2(4X 1~4
Width of bundle mm 2560 2560 235.5 217.1
792 745 A8 Aj;6l
Depth of bundle mm B;178 | B;125
Number of tubes . |Va2x"8 | "a2xPi4| AV12X74| AF14XS
/bundle B 12x 8| B 4X10
Tubes length mm | 12360 | 12360 951 951
Width of container mm | 12640 | 12640 | 10155 | 10155
Flow rate m's | 387.7 372.2 7.5 72
Max. gap velodity m/s 73 7.1 239 236
Max. Re. number -—_ 9062 9719 |127X10'|124X 10"
Strauhal number — 0.19 0.35 0.19 0.36

THY, BRI ZD25TH 2. Si=02DEH I,
BRMED 2 OEEREORKT D 5 OB
TEEEMETHB, SI=019 3 TFEBEFEH DL
TRDOLAETH 2O, MEBRIES AL —F DEF
FOFEBR K Re B=9719 iIcMH T 3, FEERER
BROEBYTH S,

1015 5mm 951mm

(a) Schematic view (Dotted lines represent the 1/13 scale
down)

(b) Photograph
Fig.2 Gas heater scale model (scale factor=1/13)
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Fig.3 Acoustic vibration map of the gas heater scale
model (SPL: sound pressure level)
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Fig.4 Examples of acoustic frequency spectra mea-
sured at the outside of the scale model corre-
sponding to the data marked @ in Fig.3
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Fig.5 Examples of measured acoustic vibration mode
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Fig.6 Acoustic vibration map of the gas heater scale
model (SPL: Sound pressure level)
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Fig.7 Examples of acoustic frequency spectra mea-
sured at the inside and outside of the scale model
corresponding to the data marked X in Fig.6

BNy 7 VERSIRO A TR SRR 2 LD 5 Z 03T
ERWVWIEPHLIE ST, 71X 6 X IO &R
REIA 7 v VHITHRIEZLEN X HK K 40 mmAq, $
146dB ThH o 7z, 6 VEHIIHS T B4 BT HBIAEE
SACEE 0 mm OBRFEAEWY VI L 2iRko 725
AT, 2T EREEUT CRAFIRESRAEL &
WZEBbhol:, IOk EORERMIIEIBE T
BIETEBhpolehd, WESZREL THET 5 Ll
Tt £.=0.013(0.65 kHz)~0.003 4(2.5 kHz) & %% 5,

Table 4 Representative values of the actual and the
model gas heater

- 1
Parameter Unit Practical g aix flow
gas heater model
Tube diameter mm | @¢31.8(fnned) $8(bared)
Number of tube bundle | —- 4 X 3stages 4X 3stages
Width of tube bundle mm 2270 162.7
Depth of tube bundle mm - e
W28x D8 WsxD10, 8
Number of tubes/bundle bt Wa2x D6 WBXD6
Tube length mm 10980 732
Width of bundle container | mm 11640 716
Flow rate m%s 2707 75
‘Max. gap velocity m/s 7.0~8.2 22.8~26.9
Max. Reynolds No. -— | L17~1.38X10* | 1.17~1.38x 10"
Straubal number —_ 0.19 0.19
776mm
I
s
§

Schematic view (Dotted lines represent the 1/15 scale
down)

(a)

(b) Photograph

Fig.8 Gas heater scale model of all staggered bare
tube array (scale factor=1/15)
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Fig.9 Acoustic tube with flow
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