ERRES S Beom 5 4k s Bl Vol 38 No.1
20184F2 H NOISE AND VIBRATION CONTROL Feb. 2018

X E G5 : 1006-1355(2018)01-0042-04+57
R g ER R AKIBIE A R B

FEE, ¥ 8, hitT
( AR ABAREEEZH T, RRF BT, KX, 430064)

T8 T NI WA A H KO 1 AR IR E IR R IR IR K RGBT BE T B 4 AT R — 4P T R
A HE T AT BI040 A A EN K P AR TR A B, B0 VA TR RS J 1 AT 45 K 2 ST A% SR I SR AR A 38 LA ) K B T8 75 A% A
Ko BRI RAIIUE T AR HUKE I LB R H 45 R . AR AE R i E RS o it H s R, B A%
TRERINTHR I P94 H1 K ik 3h 5 [ R ] LLZLBS , ¥4t s i3kt 1S p 7K s R B IR sh A48 SR AB R i R G e
HIK MK FIE BEIR B A B %, 45 IR K 3l & B BEAIR 3 1) = 2R IR . W 7045 LI 3R B, d e 1 R vt 204 A1 /K E
TE S5 R H0T LU AT HIK AL 635K

FHR) : P AT AR e s P AR

HE S TK264;TQ051;042 SCERFRIZED: A DOI 4% : 10.3969/j.issn.1006-1355.2018.01.008

Study on Sound Transmission Characteristics of
Condenser Coolant Channels

LAO Xing-sheng , PENG Xu, YAO Shi-wei

( Key Laboratory of Thermal Energy and Power Technology, Wuhan 2nd Ship R&D Institute,
Wuhan 430064, China )

Abstract : The sound transmission characteristics of the condenser coolant channels are elaborated. In order to raise the
acoustic design level of circulation coolant systems, the heat exchange equation is coupled with 1- D plane wave
transmission equations, and the acoustic transfer matrix of the coolant in the heat exchange pipe is derived. According to the
geometrical structure, the general transfer matrix of the condenser is established and the sound transfer loss of the coolant
channel of the condenser is solved. The calculated results are compared with the data collected in experiment and found to
agree well with it. The double way fluid- structure coupling analysis is conducted on a single heat transfer pipe with
surrounding flow. The results show that the effect of surrounding steam flow on internal flow characteristics can be
neglected. Experimental results also show that flow fluctuation is the main exciting source of pipe wall vibration as coolant
flow sound pressure fluctuation and coolant pipe wall vibration are closely interacted. The coolant sound transfer loss in
circulation coolant system can be adjusted by changing the construction parameters of the condenser.

Key words : acoustics; condenser; coolant, heat transfer pipe; sound transmission

P Bt as AR K R G R B0 5 F AE
P BB K IR B AR B 4IR30 AN I M s 2 3 74 T
R0 U AT L VA U A N Z ORI RE K R ik 3 i
T 4 TR A 1 2R A P VA K S R K Y ) ik
BN LMK A IR 75 (A% ik o

W#s B E:2017-04-18
B2 E : HRARF A RS T HEEERITIH (51406138)
EEE N 07 BIEA1981 =), 5 b A stg BN, 4, &
BT FUIT R AR EN 1 R G 2t
E-mail: enginefluid@163.com
BIEEE ZE, 5 A4S,
E-mail: 460079620@qq.com

B 5 Bt as A LRI R B0 7T =2 0
J&, IXSERE 7 E B TR S s s Bt 1 B
1k 32 BT SRS BN , A — & 2 0F ST 4R
TP A IR Bl B v A R B s B g Ak A%
T T RV RS B I AR LIRS A% 3 X B
TEHAZ o

ARSCIE LR A A TS A TR R ST R A
TR 51 R A B KBk B 1B AR e B
SLFEIRA BEA IR R G, AT T AR 0L MRS
A P I, Bl 1 AR R TSR AL [ ] T
FR IV Bt AR B R GL IR BN 5 A AR AL .



13

Tk s v 1K TE 5 A B R 43

1 SRIKBkshBI R iR
1.1 =552
1.1.1 BAERINRIRSI N FEFHE

e B SRR SR BN 7 AR 1) D FNBE ) v e
WU e E 7 AL AR B, AR SCHR[S], e 348 A AR i)
WARSN )5 7 R IR R

. 9
+ )=
% axi(pul) 0 (1

P BN B T N LY
9o+ (pu)= i+ =L _"Tin
o) )= s S-S0 -5 )
- N Ju. OJu,
=puu,—pui, = (— +— 3
le puzu] puzu’j /‘Ll(ax/ axt) ( )

Jle0= [, f(&.06x)dx (4)

PL B p NIRAREE o AT AARR , &, SN i 77 )
IR AKR  w, i TT R, 7, AR T AN
w TR R E, A RRER, fABMRER,
Gle,x') Ny W U8 Uk R %, HO A ,UJL=pLA,2‘S_‘ .
L=CcV".|S|= 255, .

1.1.2 #®AESRH T FE 5

FEAAR R T 5 S AR R ) R ¥k
)= Po0)—p..

PO 2 (5)
1/2pu,
FE R 1 -0 5 I kB 1 R 50
N ACX))
C'(0.1) V2o (6)

K p NIRRT, 0 NEFFAE, Thr 0 ZRiad
&, o KN LT imhbE.

FE PR SR 0T R BH 7738 AR S SRk s
MR, B ARAS 17t B ) R =X (D A (8)
Bt 7w, 0 Bk 3 77 7 BH ) R $ i o =X (9) F1 5
A0 FR

Cp= % | %ﬂCPO(H)sinGdH (7)

€= % [ (2)“61,0(9)005 0d0 (8)

C' ()= % [ é“c'p(e, H)sin6d o 9)

C' ()= % f%ﬂc'p(a, f)eos 0d O (10)

BEANEARZ BIRIRRAS 1 F, FABKBN J7 F7 43 5
KADAKAD PR

F,= %puiHDCO (11)

F)= %puiHDC’(t) (12)

R SR BN A BB AT 4% 3440 3 n £
BBVEBE & RSB S TR R A R

i D

b K A MO RINIEER G B R o J9IRIR |
C NJUATHEAHERE s K, R M, % N SRR NI R0
EERE, A AR PR 2L SR 6] -
113 REREHRFH

SR AN I BE 130 T 26

R+§:0 N

Trz’rZR:Trz‘r=R+§:0 A 6,’,:]{:_})’,:}? > 6,

ur‘ r=R =1}r| r=R > u‘r‘ r=R+68 = 0

L2 =
) c” ot . X; 52 (14)
27 1Po?. O]~ a—xi[lﬁ(f)] + o [7:H (/)]
Xl ==p' 0, 8()= ég}f ) ,He H(f)  Heaviside

BRI #0, Lighthill 1K 8 T, =—p', +puu, = *(p=py)d,; » il
ENNYALS o)
Vi=(0=p)s, —mjﬁﬁi—ggﬁj&,} (15)
B2 (D R B @ RAD R
(12) A (13) 7] PASKR AT # B N AR 75 s AR 0K
B RE TS RS SIRK SN 7 R 45 KA RS W N
1.2 FEMERUERD B & R4 207K Bk ah
HF B/ REA (D) —13), PLEAR G
JIRT G, X A R ZE VR B P VA E K I Rk Bl A AT
EREIRME AT UH L, 45 B 2R BN 51 L 1) BE e B
PRURWIE 1B, o] LA Y, 2895300 5| S 1) 38 B o
KA REASE] 10 m, eI 8 S5 M AR TR /N T- A 26 M
JZIRFE(~10° m 40 , B4R B 5 B 5 14
B PR B LK PN VA E1 K IR Tk B 5 e T DL 22
B o AF F0 A e as H T PN VA 1K 75 A 3 T FE IR A
7 [SAE AP RN B 2
2 RS EIK A g R
MR SCHR[S], 2038 30 P He F4 0 FE 06) 76 4% 16 1 52
Wi AN Be 2L , ¥4 Bt 2% 5 R EH 2N T DR () 7 40 Je
P E RS, B e T R S — 41 T T R R A TR
S, SRR T 40 T A 7S R AT IR T RN
plx)= Ae M+ g (12)
R B Be (13)
AP A B E R K= 1+ [(0=)/ 2] 0 b Sl
G RE h=V2[1 +(1-)A]K, » s=a [poop AHFE

JKokx

pocu(x)=hAe



44 moFE 5 R oz &M H38%G
107 6* 10,
1.8
1.6 3
E 14 E 4
B 12 o
L= # 3
E 08 T
" 06 = 2
0.4
1
0.2
0 A LA
0 100 200 300 400 500 0 100 200 300 400 500
$iZ/Hz A2 /Hz
Bl 1 ZRIR PR B AL R i o
T, o NETENIR, py NIRIREEE, fONIR, 3 RIEHFR
o =2mf NIFBIE . e
/ A 31 R R

SIANSH K, =K, , TRKEN EEHE. W
1A ) 75 Ao s R ik s =X (14) — XD B
I RR IR RSO, Fhr2 &R H.

p=A+B (14)

pocu, =h(A - B) (15)

P, :ejdel(Ae—jKlkl +Bej1((kl) (16)
PoCll, = ¢ '”h(Aein‘H - Bejk’k[) (17)

I A5 305 BB A« B RIA X IE AR T
IR H 175 R AT s s 1 6 R U

ik hpy tpocu, ik

A=e o e (18)
e hp. — .
B=e K kDo 2Zocuze K Kl (19)
P _ P2
=T 20
{pocul} [ C]ipocuz} @0)

=

j2 sin(K_kl) } o
)

i he Kkl
= Zth sin(Kkl) b +e ™"
A 3 74 P 40 AV R R AR T U TR 5 74 Bt A
I Z LE ] & o, 19 B A B AR IR AK
HIBHEIE N

=l glrdo (22)

o 1 Ul 1 1 Sk MR S5 T LT R A

B A, oy B T, R0 T, Bk O & AT

WA AR R, P HRR IR ISR, AT 1374

A HICEIE K AL B R

[T1=[T 1T, ]IT,] (23)

AR SCHR[7], 7534 1 I JSEAR ) S 48T AT SR
PR v H KBTS [ 75 A A0 R R IA 5N

TL=201g( §|T11+T12+T21+T22|) (24)

B 2 9l A g AN A B R R v e L
A TAESHINE 1

IRENNE LT, KWT 4%

\ / \
\__/ |
ST REINEER T, KT
K
JKHB

K 2 RIE R G L s
1 AERTESH

e ZH (=l
1 e PEE 520
2 HAE H R 16 mm
3 [ERZN=RE 816 mm
4 BHIKE B DN250 mm
5 WK R 240 t/h
6 IR E <4 t/h

3.2 KERD
3.2.1 A ERESA AIK B R IBIERIIEIE

M4 =R (23) A1 K (24D , T4 38 1 B 7 L v
2% FE AL A0 S T SR A5 LA S50 E '3‘//‘\
HKRETL K. E 3 WA =L R H 4
HiRIe 45 B x b, T DR L T EAE 'ﬁﬁt%‘*ﬁﬁ%
AHAF o ANIF] LT ¥ Bk gt N 1 E0 7K 75 A a4 2R e A
ANAR 3K A U BH VA kAR 5T I ZE VR Tk Bl 0T 4 B E v
HIIK KBNS AN K o



1 VUt A8 vA H K TE P A R 45
60 3.22 AERSAAKTH OEREIRS
50 | T ] 4 1P S B A b 000 R VA BE B AT S5 45
§ BHIK R ANE BEYR S I B xS th . AT BLE H
= Y HIK 75 RS BE R B0 IR WA (A0 R S AR A e 35 B AR
ﬁé — A KK A BE R R & K . AR K S
TR R G B IR B 1) E B EUR  TEE A K &
‘ g, S [AAS R DA B A A, s A
10 100 1k 10 k' kg o I R R A Bk AR ) LR RS S 50K 0% HoAd
W% /Hz NIRRT 1 A L5 2 G iUl YR B 4 A
: ; AN VE A e 7h  TRARG £ BR 45 2k i
E 3 ‘/é‘/é%%%%{%ﬁ?ﬁ% Jﬁ@ Jiiufﬁ [L‘ﬁ/? £ﬂ7k/)lh'ﬁgﬂ7}<zj]\ ISEF/fEi B E%T)Eiﬂj]ﬁﬂ@
FEAEIE I
180 140
160
N 7 120 - =
as] 1 W m \ Pl A
E }38 ’\v‘/" > ‘/ \\\",f‘\_~~\ E 100 }\,\1" \"‘,," ‘v"l ‘\v\'\\
M 100 - = M g0 VVJ\/U\_\/\/\’\_
£ 0 £ 60|
X 60 ¢ o g 40
B g0 | —---REENCE kS iy - AR E RS
20 | ——KEHEHEE R 20 | — mEEEEERES
0 L L 0
10 100 1k 10k 10 100 1k 10k
A /Hz A /Hz
4 TH—R Rl E B IR 58 N H Ik
180 140
160 | ,
@ 140 AN m 120
g 120 f‘,."," ‘\_\,' \‘~~~ E 100
=100 | > H g0
ﬁ% 80 | 'Hi,l\ 60 -
X ey - 3 a0
K4 | m---RREEEEKS iy e AR E AT
20 | ——REEENERRD 20 - —— AEEEEEERED
0 ‘ 0
10 100 1k 10k 10 100 1k 10k
42 /Hz A /Hz

5 TOLARBESHT G B BIRE S8 WA R

4 45 15

ARSI TR AR SN 3 5 R R Iy RE A ST
TV TRk AN T i [ R Bk s T SRR DL K v
B V> A Z)OE TE HE H 17 6 P 4 A A0 R T AR

(1) Bk ST MRS 5 L E O 2R, e
SRS 31 A8 BEN ML/ T NI SR R
JE I B AN ARG N7 BN Bk Bl R 52 1 AT DA
2

) @i R 7R RS RGUHE O
PR 7 s RV BE IR Bl N P 4, BRI 1 AR SO
SEHV s A AR B AR T SRR . ARSI A R
B ARSI 58 N HUK RS & B, £
TR Ik Bl 2 IR 30 00 DR, AR 3 A ST L

A PR AR IR IR T S, v DUAR S A B AR 45 1
B, W 61 5 RS U IR A& N,
AR 55 VA EN K AR K B« B BE IR B

5 SEXHk:

[1] ATEF MOHANY, VICTOR P. JANZEN, PAUL
FEENSTRA et al
characterization of flow-induced vibration of multi-span U-
tubes[A]. Proceedings of the ASME FEDSM- ICNMM,
Montreal, Canada, August 1-5, 2010.

[2] W G SIM, NJUKI, W MUREITHI. A evaluation of two-
phase damping model on tube bundles subjected two-
phase cross flow[A]. Proceedings of the ASME FEDSM-
ICNMM, Montreal, Canada, 2010, August: 1-5.

(FEZE 577D

Experimental and numerical



