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Flow Induced Resonant Noise and Vortex Shedding
in Staggered Tube Banks

Hiromitsu HAMAKAWA?*®, Tohru FUKANO,
Eiichi NISHIDA and Takashi NAKAGAWA

*> Department of Production Systems Engineering, Oita University,
700 Dannoharu, Oita-shi, Oita, 870-1192 Japan

The relation between the vortex shedding phenomena and the resonant noise caused by tube
banks was experimentally investigated. We measured the spectrum, the coherence, the phase delay
of velocity fluctuations, the gap velocity in the tube banks and the sound pressure level near the duct
exit in the case of tube banks that has the same pitch ratio as that of a heat exchanger of a power
station. - When acoustic resonance occurred at the natural frequency of the duct 343 Hz, we found
several peaks with different frequencies, the main peaks being at 343 Hz and 263 Hz of the velocity
fluctuation of the flow inside of the tube banks. The coherence of the velocity fluctuations due to
vortex shedding in the transverse direction is large in the case with resonance. The Strouhal number
0.22 calculated by vortex shedding frequency 263 Hz and mean gap flow velocity agrees approximate-
ly with Strouhal number 0.23 determined by the Fitz-hugh’s map. However, the other Strouhal
number for 343 Hz is about 0.29, which controls the resonant frequency and is not predicted by Fitz-
hugh’s map.

Key Words: Vortex, Unsteady Flow, Acoustic Resonance, Strouhal Number, Tube Banks, Stagger-
ed Arrangement, Boiler, Noise, Heat Exchanger
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Fig.2 Arrangement and dimensions of the tube and
test section
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Fig.5 Phase delay between velocity fluctuations at two
points downstream of the second row in the tube
banks for the peak frequency fs of 342.5 Hz (St
=0.29, U-=24.0m/s, Us=39.2 m/s, Resonant
case)
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Fig.7 Coherence of the velocity fluctuations between
two points downstream of the second row of the
tube banks (fs=342.5Hz, St=0.29, U.=24.0
m/s, Uy=39.2 m/s, Resonant case)
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Fig.8 Coherence between velocity fluctuations at two
points downstream the second row in the tube
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Fig. 13 Comparison between Strouhal number defined

by mean gap flow velocity and Fitz-hugh’s
Strouhal number
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Fig. 14 Velocity distribution through minimum gap
area between two neighboring tubes of a last
row
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HEHEL 2D, AROBIES S e >hTHES KD,

€3k Fitz-hugh o= v 72 Hwi- @R EEEEKOF
L, AREE L L TEMOFHEHE U, 8HW
s>hTwa, FEROEFES, K14 PSRN FEYHR
H U;=16.3m/s #KT. IDE2EX vy FHOF
ROFE Uy 1314.8m/s TH 3, REFEELL T
D Use V3 &, HIEED SL=0.22120.25 &% Y,
Fitz-hugh D~ v 7DF 4 0.23 L D ETAKE L 3,

EEFI DR T Fitz-hugh D~y P95 E £ % St i3
0.22 TH 323 0.25 LDOEFRBFHETHD, #EREE
REEBRTDE, TR 0.24 EZADAZDIEDT
&S5, 25 7hE, RREBEL LT Upe AW R
ba— W Sk EIBIZ—BT B LTk B,
Utz i RFBLELGIAINLTWS
Fitz-hugh DX s 0 — /W EO ~ v FH3E R B % 5
DRBODVC—EDEFMEEZDL DI LERT. Ly
L, ZEROEBRIIOEHTIRERO BHEEO@BHHFE
&0 L, BB E L T BB EOBA I IZHE
BH5BILrs, BEHIORELISC b EBH % 54
T BT A= DEENHEEINS, ZhZDOWTIR
SBRISIREOFETH 5. ’

5. #& a8

EZE D=31.8mm OBREDOTEEFIOEH L
T, SEHXRBREROES B L UEBAA OIS %
EERWCHFMCHEE L., ZOBRUTOEREE
7.

(1) F+y 7FHREU;=39.2m/s D & %,
342 5Hz DEBHAROKEHLBENRET S, D
LEEBRNEEBRORBRIIOED 513, 257.5 Hz(R
b e — v E S1=0.22), 342.5 Hz(St=0.29) DBk
BoMmsBHEs N5, [UEFERBRICEWLTERANT
BiEh 3183, EHMAERA» STRECRE SN S
AN EF EEUTH B,

(2) HBEBRET 2L, KR X 2FEEHE
EEh, BRESEESE TR, AN =

BEXEHORBLIEHE NS,

(3) Rba—"" W St=0.22 DBEOEEETEID
RIBIE St=0.290 WP HEEN B LHBEL, St=
0.22 D13 E St=0.29 DIFIZEERAICFRFICHEELT
WEOTREL, REKHRICHEELTWS Z & %8
S2Z L7z, —A, A ha— i St=0.074 O
FTEHE, BHIEHIFIDIIBHLTRELTEY, St
=0.22 OEME LREMCRBLTRELTWVS 2
Enbhoiz.

(4) Fitz-hugh DA F =D~y 7ERE
RAATHRE SN2 —DDOBBRHEAREORBEL D IcE
MTHBZEEHERL:. LaL, BHoBKRHER
BRH2BE I TN ITRTCCBEBRATERWI L
Bbhrol:, REEARBRTRBEXEBL2FET 5 St=
0.29 DWRDOBEBMOTFHENI TE LW b ol
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