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Scale Model Test on Inexperienced Acoustic Vibrations Occurred
in the Operation of a Heat Exchanger

Keiichi KATAYAMA*®, Mamoru TSUBOI, Takayoshi KAWAQKA,
Kazuhiro SHIRAKI and Yuichi SATO

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

In the operation of a tubular heat exchanger, or a gas heater, occurred acoustic vibrations,
which could not be suppressed at all by installing baffle plates along the gas flow into the tube bundle
of the gas heater. Baffle plates along the gas flow are always very effective in suppression of acoustic
vibrations so far. To clarify the cause of the vibration phenomenon, we built a three-dimensional
airflow scale model using the similarity method. Accordingly, violent vibrations took place, which
have the same characteristic as the gas heater. We conclude that the model test method we conducted
is useful to check the normal operation of a gas heater. '
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Fig.2 Measured wall vibration frequency versus mean
gap flow velocity v« (Gas heaters without a
baffle plate)
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Fig.3 Schematic view of Gas heater F

@ MHEA 1 ROSHERE SR 2> 572D,
FDFEE € — FOMEMHYME BRSNS OES
NxholztEZoN5,

® va=10.6 m/s TIHEEEIZ 45 Hz 5 232 Hz ~
FRenDs, ZORBBUIIRE A & T 10 ROER
REBUCIEIZE L L, St=028 £ L= 2hDEHT
B, ZO2EORIPTEHRLECH 2, SSWKCART
Bbhb ve B EE D LHEE 2 OXETEERO
IR EAT VY AR R T I BRI TY
L, U ZORSOERH: LV VIO THE T 45
Hz OE#IC X 1/10 MTFCRIER shzd o7,

@ M2TRQHOBMERCIIERZET LS TR
EMFRE LD D SOFHE ve IR TE Tz w,
BIESNEFT4OHz T Hz LD DL EW,
& 5 RIRBIA BB FH VRS CRIER T ERE)
~NBEW e HEH I o T

ZORBOME L L TRKI(2)DBERO L Sl
BRI 2ROy 7R FTERELTHEALL, 2
DHEREBRFBEMI A R D@D 4B Hz 2 5 232
Hz CRAFERITHO £ T d - 7088, —IEOE
wrEHl, Lirl, QOBEREHEEL 122 EPROM
BERAE DT,

B3R 2 & HaE, EMBERRCTH 225, LD
REPHEZOE DI I EH 2BROBEHC 2D/
TNURBFHEAINRLTWVWS, 4R IDOFAL—F F
THE SN [R5 7.

O RABESEETCRELTNFKELL. FAb—
SHOEEAENFTHEL-EZS, $7140Hz D
METHUS5dB TH oK, ETRIIZ 10~20%TH
o7z, IROERNEES M IZRE AR 8 IL2SBi%E
ENLHZOV ALYy F IR TR <, B
FHENZIZEE R BB s hkh oz,

@ FFHMEELT, WHIEAET 40 Hz LR



HENAREE THRE L BRSSO AR ERITE

4628
300 x [EEE) st run{cold ope.)
.
RS After 1st countermeasure >
o 3
. :;Z:Eg é\hi:tez;g:;iwuntenneasum s St;-—_0.28><2
250 A After 3rd countermeasure e
%) (hot ope.) /
E g //A I
5 s N
g 7/
g 7
=] S/t
E 150 P .
o X—V—‘mx/ 28 8,=0.28
& Ve
100 //é
s
4
~ E
50 / q. (1)
//
//
Z
0 — T
5 10

¥, Mean gap flow velocity m/s

Fig.4 Measured acoustic frequency versus mean gap
flow velocity (Gas heater F)
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Fig.5 Example of acoustic waves after 1st
modification (Gas heater F)
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Table 1 Scale factors of acoustic fields
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Table 2 Scale factors of hydraulic elements outside

tubes
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Table 3 Representative values of the actual and the
model gas heater

. Actual gas _1_Scale
Parameter Unit heater 554 model
Tube diameter mm 25.4 8
Numbers of tube bundle| — 2 X 2stages 2 X 2stages
Width of tube bundle mm 3040 479
Thickness of tube bundle | mm 820 (129176
Number of tubes/bundle — W75 x D20 W38XD 15
Tubes Length mm 9400 (1483)->1150
"
Width of bundle container | mm 7500 1183
Flow rate mds 1875 10
B Ent. 11.09
Max. mean gap velodity mis Out. 139 248
__ |Em 1mx10¢ .
Max. Reynolds number Ot 129X 10¢ 131x 10
Strauhal number — 0.28 0.28
!
473 789
1150
- Tubo \
1 “bundle | 1483 o

(a) Schematic view {dotted lines represent the 1/6.34 scaled
down configuration)

(b) Photograph
Fig.6 Gas heater S scale model (Scale factor =1/6.34)
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Fig.7 Acoustic frequency map of gas heater scale
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Fig.8 Example of measured sound pressure variation
Spv (Scale model of gas heater S, 708 Hz, X
mark in Fig. 7)
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Fig.10 Acoustic frequency map of the improved gas
heater scale model (10 tubes depth/bundle)
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Fig.11 Example of measured sound pressure variation
Spo of the improved gas heater scale model
corresponding to the data marked @, 296 Hz in
Fig. 10
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