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ABSTRACT

With the increasingly improvement of people’s living standard, air conditioners
have been used widely for people’s high living requirement, which resulted in a
constant rise in consumption of energy sources. Energy saving has attracted more and
more attention. The building energy consumption takes up 30%-40% of the total
energy consumption in the developed countries, while nearty 30% of which was
consumed by air conditioners. For saving energy, the building envelopes become
tighter, which causes lower indoor air quality. So, massive fresh air is required to be
provided indoor to improve the air quality which results in more energy usage. Fresh
air heat exchangers are adopted to reclaim the energy contained in the waste air when
fresh air is provided

In present market, the common energy saving and ventilation equipments, such
as rotary heat exchanger, heat pipe, heat exchanger with thermal medium, plate fin
heat exchanger etc. These have the shortcomings of cross contamination, high cost,
low efficiency, high running cost, difficult maintenance, severe operating condition,
big and heavy. In order to solve these problems, a new type fresh air heat exchanger
which is made of cheap plastic was tried out. Lots of experimental resuits show that
the heat transfer film vibrates under certain air flow rate, which can improve the heat
transfer efficiency of the fresh air heat exchanger. But the mechanism of this heat
transfer enhancement is complicated, so man-made incentive vibration was studied to
understand the effect of amplitude and frequency on heat transfer efficiency,
respectively. When vibration frequency is settled, the effect of vibration amplitude
was studied; when vibration amplitude is settled, the effect of vibration frequency was
studied.

Large of experimental results show that: the heat transfer efficiency can be
enhanced about 30% for the whole heat exchanger because of fluid-induced vibration,
the heat transfer efficiency reach up to near 90%; the effect of the temperature
difference of the cool in and the heat in on heat transfer efficiency decreases with the
increasing of vibration frequency under certain vibration amplitude, when the
temperature difference reaches about 18.0°C, the heat transfer efficiency tends to be
the same. The heat transfer efficiency becomes high with the vibration amplitude

under certain vibration frequency. The effect of vibration amplitude on heat transfer
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efficiency is more significant than the vibration frequency. All the work in the present

paper will supply the basis for further optimization.

KEY WORDS : Building energy consumption, Fresh air heat transfer,

Flow-induced vibration, plane-plate heat exchanger
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Figure 1-3 The schematic diagram of elastic tube bundles and elastic tube bundles

heat exchanger
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BRMEAZEFENBSAE, TRERAKIRE, AR WHERR
WRAEAR . BERARERYA, K FEENRERS, TREKFERERRS,
EERAKIER SRR, SRERREER®IE M. H X\ HEmiEziE
HERENBERNZTITH, BRENGHIRIT LR R SBREX.
X FESHRERBARKU, it =N it R R E RN XM IR3H 5818 A
BX RS, BRBEHRAMFEASHEN, LENHRERRARSDIMERESE
W, EEFEAEH. THRERSINEARROEWEE NG, ERAFE
HLEME EEERERHARNAN TAEH#IT-TESE, #HEELTER.

F1-1 WX FAERG E WA RLE RIE

Table 1-1 The research results list of effect of vibration on convection heat transfer

ER EH MRAR R E
1943 Martinelli et al™™  Re: 300-2000, £: 13-265 Nu %3 T 10%
cycles/min
1966 Kezios Fl £ Strouhal KT, 0.02< FIERERRE 20%
Prasanna®’! A/D <0.075
1972 K.Krishna Prasad Wi EHR, SRR RIEEHEM T #vE
and V. B, BRMGAAR, £ 1020 S, WINKEE B <

[44]

Ramanathan cps » A: 025in , WRENE MEBESHRE. &
BEM100 F]200°F ALk, KEJEHAIEE K 33%

1978 Saxena and EEIXTA, K, LERELE HRIRSMFERIZEER
Laird!®) KW SRRFNBER KN 60%, 1R
Z1, A/D=0.89~1.99, KI5 A fRIELH

C=0.4~1.2Hz, Re=3500
1981 Leung, Ko and Re < 15 000 FEIBEE A K3 0T
Ma'*l i, BEE Re HHIH N,

Ezligh ZES
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Continued Table 1-1
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The research results list of effect of vibration on convection

1981 A . Dawood, B.
L. Manocha and S.
M. J. ALI¥"

1982 P.K.Nag and A.

Bhattacharya!*®)

1991 J. Soria and M. P.

Norton!*’]

1994 E.I. Nesis, A. F.

Shatalov, and N.
P. Karmatskii®”

1996 G. Nicolettil®!)

BIEER, BNKEFRER
K, 4bEZ 0.85cm.1.27cm,
WERINH. RIE. ME, &
H5HFEEZE: 0~1.715cm,
0~63.7¢/s, 18~150°C;
0~1.78cm, 0~68c/s, 22~90
' .
WBNEEA A A58 - 8] BE A
BREEETHNEERRE
5 B RN R A R

SREIRTI, XIF: 380mm X
250mm, EEMEMR, |RA
m#, w=4m/s, Re: 2.5 %
10°, f: 60Hz, BFHAA:
1.7~12mm/s

ARRREET, ARRE
%, YIRS, Hi%:
D=0.375mm, K& 1~4.75m

BIE P FISTR, K, B
u=0~1m/s, NEWR, B
B 0.2mm, 1.5cmX13cm,
A: 0~0.05cm, f: 0~60Hz

A/D #it 0.5 Bf, FBhit
RIE AR BBEE R
EH IS, =3
AT LML 230 3 15

L R IETES e 2ic]
i, Bl 3 58 FE A3
FERGE RN, BRMAR
THEEE N OOW B, 1
PR B KRR N 250%
AL REANTR
BRI ERGRL
BIMER K. REH Nu
HEHRNFRT LA
BT 290%

AR R R
SR T, BRI
AR BRI
m, K~ B
th, LT e
M. SEAET,
SR O, A AR
SeHRLLBILAE R, 23
B EEREEM

PR AR TR MRS
HEIFIRS, B> T AR
SIS, (EREEER D
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The research results list of effect of vibration on convection

heat transfer

HERIIE

1997 Cheng, Chen,and AR T — N LBRTFFR, 4

1999

2001

2001

2003

2004

2004

Aungm]

Gau Z AP

Leonid
Bronfenbrener,
Leonid Grinis, and
Eli Korin!**!

Park and
Gharib"”

AEL, BAEF

[56)

Yong Ho Lee, Dae
Hun Kim, Soon
Heung Chang!®”!

X.R. Zhang, S.
Maruyama, S.
Sakai®®

0<<Sc=<0.65, 0<A/D<
0.628 1 0<<Re<<4000

SEREIT I, B EH 2 3.1cm,
K 50cm, F#HiF, AT
RITT FAERETE 30X
30cm KR,
Re=1600~4800,
FeD/u_=0.194, F/F,=0.5,1,
1.5, 2, 2.5, 3

SRR K, RIMERE
SR E MR REE RS,
Re: 800-2000, A: 0.1-Imm,
f: 10-120Hz

LIRFMEETERE R
Strouhal SZEK] 2. 3 f5Hf
KEERT, BEER
D=20mm, & 500mm,
AD=0~0.1, f=6.67~24Hz
REFEHRENRE, A
2 0.008m, JEF¥ 0.001m,
PR BT 35 53

BRI, Bifl, H5m
MEARZARRS, &R
T B A R Bl B O A
RERTBhIEE

WA KRR, EHE K
N 34%; XFREHE
WSO T RS, 15
PIERNREAH EX
B, ¥nT 16%

£ Strouhal S F, B&E
7 Strouhal ] 3 f58, 1
A HEL, R E
M E R R R A E RAE
ME%

WBIGRMAEN, FEARK
B 4w 3 B TR A 3 T
W, 18 Nu BN E
B AERRT 3 i

P4 B I3

BB RIER A 311%,
&0 () 386 58 5 R 18 FIAT
ZERIEH

FEE s R RGN, s
FAREFEEMT
12.6%;

Nu M THE, EH
bE T B NIRBNINE . R 1E
J% Prandtl £ K738 in iy 38
fn, BE Grashof ¥[34
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The research results list of effect of vibration on convection

heat transfer

HRIIR

2006

2007

1961

1958

1938

1965

1974

Tait Sherman
Pottebaum, Mory
Gharib®!

L.A. Florio, A.

Hamoy[(’O]

Sreenivasan F

Ramachandran!®"!

Van der Hegge
Zijnen!®?

Martinelli and
Boelter!®]

Eshgy et al.®

W. W. Carr and
W. Z. Black!®”

BRI, B, REHRA
B EXiRsh, SR
Strouhal ¥ B
BRI, XK, f: 4~24Hz,
A H 5%~20%F9HR- IR E]
B, PR, TEEEHR
&

ESRHFN R, D=0.334in,
K L=6in, %, IE%HH
FRET . 1=19ft/s~92fVs,
A=0.75~3.2cm,
£=200~2800r/min
BAXR, ZS, R,=5,
D=0.0005cm, &%, #&z)¥Y
TR R FUE T 45%
BRANTE, K, KFEE,
D=19mm, FEHIEZ)

Eﬁﬁ\xﬂ‘ﬁ! %lsy D=4.87in,
L=8in, BEZEMMmTR
35, A=3.66mm, f~12Hz

BAXR, ZR, HRAET
KEFE EMERREE
REEEL T REREE
R FAERRBARNL

Mg IR B RE B B 3R
fAe

Wesh iR T 153, Rkt
PRI KA
52%, REPIEHRRK
WinT 40%

H¥RBN AV RER
4%~20%Z [ BT, Feah3T
ERRBLTFER LW

LA TRFTT W
B, ERREERAED T
4.3%

& Re FHER T, #w3hxt
ERRBHIEMAK; 76
BEEET, BUNIRS)
THEARBATLIRR
400% ‘

A<O0.011L B, BBEH
PN

A>0.011L B, #iig
m, BXKA 7%.
AD<0.25 Bf, FHEIlES
w&ENRE, S TIRRE
B, B XF R R B
W{R/N; AD>0.25 B,
AEERFE, EARK
6 % 3158 £ 1 In T %4
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Continued Table 1-1 The research results list of effect of vibration on convection
heat transfer

1990 Takahashi and BRI, BERRGRS 0<E,/E, <20 IR
Endoh '*° HEHRF, D=17.23mm, (3, s AKE WM

R, =1000~2600, 50%; E,/E,>20H,
f=0.2~1.5Hz, A=<10~40mm gm0

1997 A Kiaczak!®” KEBERREBER K BAERS, EREBE
#EE, NERN68Mm, B T, HHEK 19%,
BE0.5mm, KAE30mm, K HEERIEFSE N, 505
M OEEAIC, # BhE, HERIRNAE
96.6’ CHIZKIn#ty, 20< /<120 th, EHELHIMN 5%
Hz, 02<A<0.5mm, ZEK

IR E 7 ERS,
430<Re< 2300

2007 javantils® B EARIRSR EME ERRXEA, k31521
g, EPEREAERR, E 454 Re>2100 fmiftht,
BEAGRE, NER WENHHHER R RS
D=16mm, B & 2mm, K& {T/EH
4 1.75m

MERFALUEY, 8TANRSZmIERTRTERNRAN S S HRREE
%, RELEHEMNKR (BEFFHR) #ITHHR. RALERERBPEREAER
B ERE e B I ER, WERSIAE R THERB B IRL. E05E
BRERR ARSI ERR R EZHEE L RIR D,

KENFHRLERIEZERDBARAEFE - IPSERREEN, RHRES
EHEATEERNEAD, INMSHERTBEEENRERY. DX MEFL
FTEEARALES, IR AR MR RN . BN THRARERINEM T H
FEHFIFUER AN EERT RS, REDRNEENRRT THR, R3h5EE
R R EEERFRELFE BRI,

MU EBISCER AT A, R ERAN B ARG R IFA—B VE
PRI TINERRIDETFRERNHAERDH . E4H, X
UG 5 [ 37 5P 3 B T 9 3 L RE HEAT B A
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15 ZXHMRAAE

AR EEFRRENFMHT, CAEBEEHIERHRBAR OGN, RARZOHR
HAFE.

AEELRF RN FABRFATFREAS, BTEREBRENSHRBRIK,
EHHIETEFAETIERPES AN, ENRETEAATF, FrUSER
FXTFATERNER, ERsLFBERIER, NUEmich. BRERN
ER T 2rAtRs), NTRmEeRrEtE, AXNBE LB T el R Hk
SBIFHREM, RE0TTHIEIRIE R AR RMR A L.

RN AERE T X EBRIBAR =L RS, BEHRIE, PARSIARNSEALZ
Wi . ARBT RIS U AR BV AE 5 R B B RSIAREERN, S
&, MESHHIBIER, FTUKRPEZRBRAEE. HREEHE, SZRIE
ERA—HER T ARREXNSSANEE. BHEARME, MRERE TR
B
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BE RBIRSRMAERE B AR

TEE AR R A 2R AT B B RIS R, B Hhas B AR EIRR
BEBL, HPFTERHHOBHE. GHSENRESH. AXEREREAL
B BERMAR 2 R ST SRR b, SRast— PR LB L MR A L D 3 XU
PR P RE

BTESRE, EXKERTRTERS, NTUZRAEKRS, KR
HEEMHERPRERRARRRBRBIUE. 2EBIXRNTE, £8E
X AR BT R s B B PG ATRT T, 5 B RIS AR e R B ™
A I FRBIX B AR R

2.1 TRES
2.1.1 iR ET XU 4 38

a) ¥

®2-1 LRAMEIIR

Table 2-1 Experimental material list

MEEH  SARREW/(m C)  BES (mm) fer
PVC & 0.14 2.000 ELE sy o S
PVC # 0.14 0.175 B R
BB 0.18 4, 8 e 2R
MR 2 4%
BB AEAE 0.03 28 RiE
FE

b) FHEIRRFSEIE
1) HEHH,
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RERFRLEA R FEIRB R TR F R AR R LR R

2) @R HEMBRRSETRE, APRITE, EEEVEE.

3) ATRIEHRGENMKRR S RAGEESEE, EERMEEREM
1, MIERSERYE .

4) BrERMEREE, fK—REKES REERET.

c) TUiFER

RBEMARE RS FIRS K IERBRAE M E PITREKFREN TR L, BR
BT 24 BF. EHE LBRBRERIE —HBRAIR, REBERIR DHZEFR
ETHRRT REENRER, S4B EXREBR EHBE —RERR. KRFE,
BB SR ASNZLTE TR, TRENGAEHNTE 2-1 fix. BH18
SHEHSHERE, BHEE 6, MERZAMNEE 4 BHKENEE | RF
SHFEEER N. FREE 23, BREE 22. RA 2 HARNEE, 5502
0.175mm 1 2mm, BEHMKEHH 300mm. EEHBEBER, B\ RERS 5
ETHRMSEEALE, BRABREERARE LERS TAHEE, aRKE
24 /MRS, BRIEWHEANE LR E AR MNEE b, BIE 24 MRHESS,
HABRBIA{ER .

‘y |
o //%ME
BHER
\/
e
/ 4 /;?’
S/ e o
’ ’5f7*
. .
A s
o4 /%
d e
AR L [ N

B 2-1 #ARFEALH

Figure 2-1 The structure of heat exchanger core
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Figure 2-2 Experimental equipment flow chart

SERFTAREREWE 2-2 iR, ZLRRAMRRILER, RYUHEIHE
30W, FUEHE 36m>h, BT RN B AR H RN AR, NTTEE
EHRERERN. 2LRAMAEERMHAESR, &l R3S oz v m s
MABERESINAERRHIIER, NRXIEHZESERENE 6. niENEE
B ITIE N 300W.

% R BRI 2 SR E S A BT B3k, 2002070 28 B AN BT Rk #1385
AR, HREE 1 #HREA N EEREMNHE (AR 150mm) B
TIn#h, EEMAENZTSBERBTRER, KOMBEANRRE, AHRIE
BRBALHBHE. MHBHANE 2-3, FriRkEFLEEZ M R R,
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Ak B AR FRERES BATE, EREMN EREEY, BNk, A
R FREASZNANFREMEN LT REOMOREM S EERE—E, FMER
HBREF.
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—
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Figure 2-3 Gas distributor form

2.1.2.2 WWESE

XHHT R IR . BREO U RAR G ORI TEENE. mE 22 £HAS
R RARE O R AR ENR A EAREOREKFEERE=TMIRS; &
R RAARE OB HRE= RS . JESBHESXA Cuso #RHE, IF
CuS0 AHEMHEHBFAR EER LW FAMRELRBEET. B MUBE SRR
F5EEAR L SWP R 2 BiCE B RZHNCRER)ME, B/ RS485
M4, FiEid RS232-RS485 H#HBEEITHENMED, BEBIPFEAEIEN
. Bl Windows2003 A#IERZMBASTHAMREIHEERERZ, RS
SEIER—REIE, FEEEREL EXCEL &Y, HAIGERIAZSHLIS
WRAFAT . B 2-4 5 T HEVSERERSEFE.
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Figure 2-4 Interface of computer data collection system

e e BH O MR TG B — R R-50~100°C, AL 30 #9918 B V8 Bl #E-20~40°C 2 ],
BT AT 326 F 4 W BELAE AR o i, (B X T BHRME RN EXRE, TREFE
4 FE B R FL 0 B R B AT IR R MR AR TE,

Cus0 B SEEHXRRTHTAER:

R =R (1+ At +Bt* +Ct%)
A R—H B EERE °C B H R PEE;
R,— 4 BB B 7R B 0°C W ER PRLAEL:
A—HEH, A4=428899x10°C;
B—%¥, B=-2.133x107C?
C—H%¥, C=1233x10°C",

HTFHEFIELMOE A, RLERAARBHETHRERENZEN, £
Rl E i B FI LN RN, NEMFERBEBTIERERE, $558%%
MHRBEEEBERR—E, EARENNS, GRBEEE, A ‘45" 8t
BE T RE, RREHRERETHRAERKE, FERRRHERE TR,
LR FEMFHEMEREERS, 7 0~70CERE 8 AR, TR, U
WERE N ERRE, FRENGHERENEXE, B —4#AXEZET 1 #9H
HEZ. EHTLRE, EABRRRRENSIEFETE, SR ERREE,
HiRHERREE. AT ERINEEERTIHE.

DA\ NE, RIEBMTER: T,=09937T, -1.5524

A, THAREENEEE, T ANERIINEEME.
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Figure 2-5 Cu50 electrical resistance temperature calibration

213 XWAE

LN BN EEREBEBRIRAERFL T LRSI T 5 RS H S
BB, A, RUELRTRWT:

R22 FREABRLRTR

Table 2-2  Fresh air heat exchanger experimental scheme

L R SHEH W/(m- C) B S (mm) tRIEEE (mm)

PVC & 0.14 2.000
PVC & 0.14 0.175
S B RE422.000mm, SHEAEKH0.14W/(m-C)HIPVCIEYE A s 28 # #ts

AL, HHEEASEREREE THEARE. REHEEH0.175mmPVCE
R BB BE IR, EHRNER T RABORIERETHR. BT
ERE42.000mmMEE LB K, BEE, FUEERER FEEAERS), K
AR TEER0.175mmBPVCEN 4Rz, Bufk,

AL HEAREH36m b, LUBEHD (22) ME—MEENTHEXS,
ERERERBEIOCT, ZFEHHEEN p=1.247kg/m’, v=1.76x10"kg/m's, &
EHA R —MKEBIE AT SFE N u=0.76m/s, HBEZHD,=3.97X10°m, #
HBAHEER N Re=171.43<2000, BTLLSCH 75 O B8 A AU IR B0 h B TR
&
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BE ABRSIEMAERE BA R

22 XWHEREIHR
221 EHELAR
R E - NTU g (e T, HEARSEAAR:
=2 2-D
Qmax

Hh O REGFHERE, Yo REATHRMNERE. RibARHRAE, Eip
L, RAAEREAHBNRERERE AARENFEOERE,, TARENZE L
MAZRREMHEOBET, EMH. ARENEORET — 1 FELBHEP
AREEMNEREE. WRE—RAREHRABRNEETUETERMEE(T
—1), BAGZHREETEHBEATERNEAE™, TR, BREAEBETHTR
Row, Bl

Onax =W ,) i (T, ~1,) (2-2)

EERABEERERNEANB/METE. WRAGEN B NMETE, NEH

MER:
W, (T~T, -
a0 o1 1oL, (2:3)
WiewT -1) T,—t

’ L}

2 SCER B RAE A B/ MEHLAE, LU RUSK B BB B R D AR B
£,
2.2.2 IR R

HEBRARE 36m’/h B, ST HEES 514 0.175mm EFEE S 2.000mm KR
Fi, LTRERWTR:

R2-3 AFABETHHANE
Table 2-3  Effect of film thickness on the efficiency

JEE (mm) g A E FREECC) BREE(C) BPHEE (%)

#0a 34.9 28.8

0.175 89.1
Ho 29.5 322
prig ol 34.9 28.8

2.000 68.3

o 29.1 31.1
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0.175mm & FIBEAE RENPE R T P 23R 3h, ERRIERBIAABZETHA, N
LT X E, R B ERREERE, BABCERN,

223 BEXMWEATM

EAREEMELT, #—EHRTESNERNER. BEIRREN
36m’/h, WRIEDEE 31.0CAZE, SRR DGR, 81 2-6 sk
R, BEERENEN, N TEHEMEENBERE, ARREHFRLTEN, B
FREE R 2.000mm RIBERGE, MEBNZEENEMBR, ERNF 0.175mm
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Figure 2-6 Effect of temperature difference on heat transfer efficiency under different

(\*]

film thicknesses
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BB AR, BEARBERE. FEHALEEROTRT, BAKZER
5REE%, MSEEEARAEXER, FUBEEEREHBEMEREERRIM;
(B2 BEERAEINE, FABEARBER, BBAERT SRLEE X4, E5
BEAREAER, RIASBMTMIARARE, FUERDOEET, BRAR
ORI EFB B
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77:

224 REXNYERPYEN
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Figure 2-7 Heat transfer efficiency under different air flow of 0.175mm thick film
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BB JAARIE T R AE T M7 IR B2, 307 A FHE e BB FAE
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23EXENGE

IR EE S R H AR BN T, FIRRIITRABHHR BRI, FF
BEZTARBEN FHRAMENFEMH. ERRE: UL PVC EXHRIME, E
B2 2.000mm. HRIFEE 4 2mm BIH KA, SEEHR 0.175mm, RIEER 2mm
HF RSB EARR TR FH T, BABEFTRANER, TEZHREE
SHERATIEN. BEERENEM, X TEMEEMBERE, FRARREHELET
FRE, [ERXTEEN 2.000mm FIBRM, EANETNZRENERK, ER
XFF 0.175mm BRERE, FRMEZEEZMNEZRAKHEE . BHEEN 0.175mm
B, IADRREXN BARER LN, SREVHAREEVIREEREEMNT
BN, BREEE—EWREN, BEFERS, BRNENFS EF. RiER3D
BRTENRAREARDFRICEE SR, S5 RBIRsRILERIILE,
TS KA N EB R 7 RRF R IR F X R e AR
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F=FE ANNBRIRSNHIFA

B TAEH ES Nk ERE T HRBERSIN A B AT 00 . B SEFR Lk
AR E R BRATRNFERERN, JORTARREIRS A&, £— V&
5E###EE 8, HERNEREER, HANBERSIERIEE, SHAX
REHHMRS, BEREMREZR. 8T RAICKA A BEGH 177 AR ARSI T
AERREM. —RE, RINSHEHERE. AR, BLH. BRI ER
RIFANEEREREAMME, BT SERE 72 I IR IR I8 AR % X
ik S A

3.0 EREE

3.1.1 R AMH
TR ERBMAEFIRNT:

®3-1 KRAMHTIR

Table 3-1 Experimental materials list

PR R SHEYE W/(m C) BEES (mm) fEH
/ey SRR 0.14 0.2 BRF R
HHLEE 0.18 4. 8 HIVE #AR

i 2 B%

B RER 0.03 8 &
PVC & 0.14 ki E
PVC 1R 0.14 2 T IEIE

3.1.2 KRB RGIER KK
1% PVC T, ARRBRENMELHE (TR, NAEARE (W
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WO, ERER/AFRALKET . BHIMEE5 ETRABHERER, RE
BEHAMESBEL, BAADHEEEE, REEHRTLRE -1, BiE—ik
SHABEME, —5NRET R EBEE. EEANBIEERITR—BRIE
E EES A LRI PEARRSE RN ERERE, FFENHER LK ER
BRRAEHTRE BORBOHKR, RBELLIRMER.

300mm
.- ovumm
L T
-
— I
®§ 7 } ‘l}
"’) ‘ /// 1.. !
//// |
’ // e - /[
’ e
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EL_ - — — *:—//74/ == EE!
. O¥mm - . 8
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i
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¥ | - / -

B 3-1 AR GEKAEE

Figure 3-1 Connection of heat transfer core and head

LR AHBRAZEHH—RPVC BERNIMK. ETHANKBESRERESR &
HRE. PVC HBEMERN A=0.3mX0.3m, FEFEEETE A 0.3X0.002m*, £
TE#EBAEE Smm FE LB BER . L8 AR AR 8mm FIRRB A IR N #e it

¥ PVC ERIEETE 32 LR AGHARATHE, SHEREMHEE,
HRENM LR REK.
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Figure 3-2 Experimental equipment flow chart

SRFAMWMRERR: BMARPRE 1. 2 2HBIFRNZRUENRSE
HHEZF, BEFRATHTERETRE, BETHRENEZARIGER
HE, REVENEERREREABRBEARE, MHRANEERARBELHET
n#, RERNEE. BARGE LU AL

BRRHL (SF): ATRRERER, ERXRNERENESL, BMR
BUHSRITR A S A= fkEh (RKBTRA S X i B H ). B KHLESR
ER, BRELZEREHMEWER, TEEMH; BREARELRAENE
WARER, ERFER NS, FrALRRAEEX IR WEF RN T mS
IR

RERFTNERS: REMRNTELEEELEXH EFRWTRINIKE Ak
WHRE. FANEROREE B TiRE LZB-25 R E.

Prah AR E ALY B IR AL B AREAT U R A L W iR
F. LRERFENIRSIES 0-1.0mm, LIERE—EHIXEE, FLARNE
HREHO/PMER, EENERTOCERER, REIEEERK RS TT IR E
BAREXE, WAZZERKHRE, W 3-3 .
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FBIRBN BT PO RIS BRI LR R

B 3-3 iRy = A

Figure 3-3 Method to provide vibration amplitude

12V MERBFELEREIREETGH, BHFSROEETIE
B, EEHS N EAEFRETHE, RIECEEEFANES) . EF5— 4%
KHMEEEE—E, NESHABREE—R, LEiEshERES R, B
PHRRERS), LRPHHEFHREREVESDNAE. B TFRBE RO
PRI, FrUACKRARBENFE TR, FEMSREESHN 2V, 3V, 5V,

ASERAE VAW AR B R RS IR SR, AR AR ENEETS
SNEFTRI W, BEESMRTEIMBH TR, BB, IR, 5%
AL 2T, BB R TR R A . 2 B ERIRR R ER
2V, 3V, 5V i, BERENSEE. 2V, BEREHHEE SR 310.8cycles/min;
3V B, ERBHLEER 1253.6cycles/min; 5V &, HREHKEER

2407.7cycles/min.
LBk L BifiER
e f—:zi i — 1/
A L y S
iR B B
=

B 3-4 RINHEII 5

Figure 3-4 The realization part of vibration
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RIMUERE: HTELBGIBFTHEVEZAORE, RAZHLSE
WIS, EHEERA TRRNBIEL, TR 1 SHR&E2 RY TRERN
BIOBEE, HH A% B AL o SRR IE -

7 4
— B

—1 PRER2

B 3-5 HriE AR HE

Figure 3-5 Vibration amplitude calibration devices

A CCD EBEREB LR T BARXRIARRE, K53 LTRSS,
SHUTER. BIRBHNE, #RIE 18 0.24mm, =18 2 5 0.29mm, IEiE 3

4 0.55mm.
{ i i

o'sjm 0.29?m to24mm

i | il

B 3-6 riEi R A

Figure 3-6 The schematic of vibration amplitudes

MAFREE: AT RIEEABRSEPRARGEE, FERAMMBEER
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RENEABNBEEPHTS, BFERRE, WRMNEOFEMIERETE,
BRHLAE SR EEAZ KRR, FIURITERERNGEHRANOBEZMI—R
R B YESRAE B b 0 e PE 22 o v S« B 1A T R R AR e 28 i 1) B R SR
TinHAE B .

MR FES: HTFERPRANEERD, BrLERME T AL 2%
Ny BTGP ARERTRZN 24 ASEREENEEE AR AEE,
B A, FrUlBRIE TR LR 8 E, EFMIEXRBEESPT
BMHEBRMBEEERE, SURRIFOTE, LREEER-270~400C™, 5
Bk F A9 2 OMEGA 472 TT-136 & 2X0.127mm 0.1 ¥EES R M A BEL, F
FIM R R s I MR Z 2.

THERERMNMER B KERT:

B 3-7 EREIERER @

Figure 3-7 Interface of computer data collection system

3.2 FWERRAE

EHRER R &S, MEARABRHHRMERORERTTAHRAR, BB
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PRIt PRI (R BE BT Y . FEPIRBIRIRETIRIR A I, LUSPROS RIBRRY
BERRE K HHEARXE:

1 1 6 1

E=Z+Z+;‘: 3-1)

EHRABRERIBITE, 0% [RAKN REESEEREENPMLS
. XMEHRNFESZMERNBT, DESHRAREERL. HTHEERE
FEMIHRLCELIRE, BUIIAGBHERERIE RN EARER. S%E50E
MFEER, FROBRARE K TURTRAHE:

%=%+Rl+%+RZ+£2— (3-2)

AF a),a, BRFARKI R BHRE .

MUESHTPEATTUE S, EEEABRFLT, BARREK B
RABHHE A,

A LR EHRIE BRI AL RH R, IR RIIRIBAER R R w1 A
BAEE, RINDFFRETHF. BT IREMHELS, LRPIXTRAER 4
PR EEAERNENERE, BAIWRX XL EW X FB R LR E T

Zv

Fo
SERFHFF, FREGRE G 2% 1.7m*h, 2.0m¥h. 2.3m*h F 2.6m’/h.
BB R BER:
fi=Ixd (3-3)
AF, [ RRK, dRIRERE, £,=0.3x0.002=0.6x10°m’,
BEPHRERNDATEHLAGE:
u= 360(?x 7 (3-4)
SHBHEERFARE FHIRE, WTFER:
£3-2 LRPARGEXNFFE
Table 3-2  Flow velocity corresponding to different experimental air flow
HE (m’h) 1.7 2.0 2.3 2.6
FE (m/s) 0.787 0.926 1.065 1.204

HF SR RAENREEENER, FIURALAEERNTETESEL.
LEHR:
p, =24 (3-5)
l+d
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1. diIERALKE D,=3.97X10°m.
THERARER M E SR, R EXRPRARRE,

-3
Re= 24D D _1200x397x107 _ 315 40 2000, Fruhsc e & KEOTE T O
P 15.06x10

RABRRS, WLEREMNAHEANRZN B IEERERRENZE.

3.2.1 SREFIR AR RN

32.1.1 FEREHARRR X ER

LR, i B R EVLB R R RS RS E, RAESMERE
W, MESAEEEERARAND Smm &, FEZERED, RIIAELHH
310.8cycles/min, 1253.6¢cycles/min. 2407.7cycles/min B Brit B A94E B &,

WEOIRIEH 0.24mm, REX 2.0m’h, BAZLKMBEER OV, HRE
RRBEO|EN 20.7C, BHAFERIMET, I FRAERLZWE, WHE
3-8 Bz

86 -
85 -
84 -
83 -

82 -

B (%)

81 -

80 - - —

0 310.8 12536 2407.7
= 3 S (cycles/min)

B 3-8 #RNRRSHAMELKRR

Figure 3-8 Relation of vibration frequency and heat transfer efficiency

MEFATLUE S, %P ERSIN, RARBRIUEAGRN ZEF, Bk
BEMERNAZRE ML, HREWT: RPAREGRE, HBRRAITE
ZHMNANER, T ER B AIR R E ORARILFEBANE WIS, EHER
BRI,
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3212 ESREBESTHXR

ERUELRASZ B A ERA . HEEH OEE—FREIRT, HRRELN
BRES M. 5REEEEN AL RIEHRRR S m LHRES . £ NEES N
LM EMAE 3-7 Fios.

(1) f=0 Xttt £=2407.7cycles/min

SR REN 2.6m'/h, FEHRRE OGREE 39.8C, AREODBEERRBE 194C

B, TS HATRSI RIRSNFER 2407 7cycles/min B IR 8136 B 2 Fi I 17«

30
‘ 26.2 348
268 34.9
250 .
308 34.8
“2 200 31.0 381
E ;553 28.4 ;113 340 374
116 150 - 285 s 338 33
X 19.1 3238
E 100 19.9 33.1
= 18.9
7 50 19.1
] [ |

30 100 130 200 230 300
PR 5 AR mm)

B 3-9 =0 5 £2407.7cycles/min B #ei 38 AR iA)E B 2 7
Figure 3-9 Inter-plate temperature profiles of /=0 vs./=2407.7cycles/min

(2) f=2407.7 XtEk £~1253.6cycles/min
SRRER 2.3m’h, ERRE DR 404C, BREOBEREE 19.6C
B, #HPARAETRBIINE A 2407, Tcycles/min B 5 #RBHIMZE 1253.6cycles/min B
WA E 2> g A 3-10 FiR.
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B 3-10 £~2407.7 cycles/min 5 f=1253.6cycles/min B # #254R (815 B 4 A

Figure 3-10 Inter-plate temperature profiles of /~2407.7cycles/min
vs.f=1253.6¢cycles/min

EE 3-9 &, R A EHHEFER £2407 Tcycles/min BT AEE, MEAT
HPHFER ~0 B REAE; £ 3-10 7, RE R 7 EFER 2407 Tcycles/min
BTHEEE, BB A THEEFE R /~1253.6cycles/min B HIEE .

MU ERBE RS, REFLES), RERRES TESER—H:
EERARBIFS TR, BEERHEE BEXAL ] THEEHAERD, FER
ARG #RAE M AT AL R P EN ALAHE, RTRER S, RN AKKIE
XA “BRFFX”, BREEMNALMHXER, BIEATS. MA%K?2 L
MR ERWRK, FERZEN—M A R A AFK, —M > #R i B
X, EHRAKXHHERER/D, BRABATS . XFEERBHHRRAE R
BRBATRFIRER, FERITEERA. ASRAELEONRELBIE,
LTS

BRRETRSE, REGEEBRE TEL, BERRNHRHE BT
HATHERES G, RRERSINERT, SiRmRIHRER MY,
FEFRRRENRRSE RIS FEZ B, HBOERREOEM,
ERHA RS HRBR AT
(3) BRFE R ELIRNTEHZX AL LORE>
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3-11 ANEFRBIFME T X L 1 LRERS R
Figure 3-11 Temperature distribution along diagonal line1 under different vibration

frequencies

L (°C)
—_ ) N R MO ) W W W W

— = — (cycles/min
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T4 TI2 13 T16 16

B 3-12 ARERSME T ALk 2 LRRES A
Figure 3-12 Temperature distribution along diagonal line2 under different vibration

frequencies

MERRATTUE, HINAE R 2407.Tcycles/min B SRS,
XLk BB AR TR, XS TRIMER, BHMHEHSRABESMN
T.
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3.2.2 BEIMERB I

HXNAFEETHHE, NBE LXEBERENKENZW, TRMATEE
SHERBE W, HIER 2.3m>h i, ZEIRSZES 5K 310.8cycles/min.
1253.6¢cycles/min. 2407.7cycles/min K AR B AHE Z HHE R R K Z 0

90 -

88 -

86 - L —— 24(57.7cycbs/rr;1—
~ ! i —=—310.8cycles/min
< 84 | —a— 1253 6cycks/min
~ gy b —— Ocycles/min
¥ o
% 80 -
£ !
=78

76 - y‘x\

74 | o

72 ¢
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PREGARFEOBEE (C)

Bl 3-13 ZERRBITRSIEER T AR RIEE Z R Hh £
Figure 3-13 Heat transfer efficiency change with temperature difference under

different vibration frequency

MEFAIURH I TER: ARAFGHRPERT, wH5T RN, #
PREHREEREZEN RN, ERYNRIM R, BANERERESR
TR, SAHRIAN, BEMREORUMLETMYIL, HHEERS)
BRI, ZUREPETFR. RUFTRIINERNEZBENERD, TA
BN AR ZEE R REBK,

HAMETLUEY, JBEKRT 1I8.0CH, BEEMEWEM, HAREHM.
T# R AR - BELEREER, BAZNIMEERK, WRAHTE RS
BEEERARBRS: MEKAE, 2AMNEEMESS, TUEEFFEX. X
A A KRB TS R AN ARG T IR I 00 TR EE R

MEFATUEH, e REER TR N B, EER O TEEAES)
R TR T EREWR, WiEwtedh, FE4EHA%ENN. ERRE
BERALRFRENRANEMLFT —EHmE, RNZEIERHTEALR
i, BPRERINAEZ BEEEWE, EREETRANRGERIEMTE,
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AT E BB RGN ES .

HEEERFAENEHREROEMBY SR, BHOBRIBRR KK
M, XEBRBTAVLRORES BRLROME 2.0m’h MR MEG, B
DMEERTRE, H—TEAENTREETUENAERESRN, i
SR MR, MBS EREERREOERA Smm &b, A9 EHKTIE R
HEEEHMNYOMMA 15mm &, FTUBREOREAS, SBREFRTRE,
B 3-17 AT — 5 B i

3.2.3 MEMEHRRIE G

3.2.3.1 RESMBMRAXER

BHIRRAFEARNIOIELT, FIEARGAKGHEORBZEAE 21.0C. MR
AEARBOMEERY Smm, HERE, FERENEARRENER., SZH
BAMNAE, FMNESETFEEHAXNEOMEN 15mm, BHUTEARER:
88 -
86+ % —— BB O5mm
84 1 | —s— BEESHO15mm
82
80
78 !
76

L
|
74 |
72[
L
5

BAHE (%)

2 Ni(mBIh)z'S 3

B 3-14 ARME =AE FHRAKRZHEREHZLE
Figure 3-14 Heat transfer efficiency change with air flow under different temperature

test points

REZERATREELE S AERERE, EEEHONR—BRER LFE
MEERRAKIER, ERXNMKEP, ARREE—PER, ERERNERT.
PRESL TRBAR S AW E—T, AHZ—BIEE LRHERE. ARSI
UEH, ARREZEH OB —BRES LEEE M ARAR S, ZXBRHMAX
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BRE—RNHAE,

%33 FRMERBHEHRNEES

Table 3-3 Heat flux difference due to the different measuring positions

RE (m’h)
1.7 2.0 2.3 2.6
Wig SRE
FEESH O Smm 37.04 4219 4794  53.18
FEEH O 15mm 3559 3994  44.04 4793
e 8] BE B ) e B (K J/h) 1.45 2.25 3.90 5.25

TR, MEAMCENEEEERHO 15mm &,
EHENERAHTHRAEANFEHRINAET, REMNERBROZWE. #
RS R DB ZREFFE 21.0°C, 5337 Ocycles/min, 310. 8cycles/min.
1253. 6cycles/min, 2407. Teycles/min BIRIME THATLR, BHUWTHER:

84 -
8 | | —s— Ocycles/min i
| ; —e— 2407.7cycles/min
80 L . —— 1253.6cycles/min
Q i = 310.8cycles/min ,
(-
W78 -
S
% 76
&
74 -
|
|
7|
I
70 =
.5 17 19 21 23 25 27

R (m’/h)
B 3-15 AERZEET, HEMNEIEKEHYHE

Figure 3-15 Heat transfer efficiency change with the changes of air flow under

different vibration frequency

M EEFAUEY, BERSSFROBAT, HERARRETEE R 2R
D, XEREHRIIBSNTRLERRE . EREEM, HIBERDH
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BEERT, BARRERSOBELT, A RHELT. UiRsiHE
2407.7cycles/min B IR R B AT, HIKAE 310.8cycles/min, 1253.6¢cycles/min.

EXTLL EERER, MR HER, X TFHARAIRSIERAARE R,
LREM MR, BT XREREEFERIARR, #£8XE KK TRARZR
o NTFREMERARL, BHFROREHERLAEZ IR, N
e HRE, RINBEBR, RAGREET . DR ST RSFHLL, BHEEDR
B, 3 5ARaIN, REHEIBREERER M INER T, L%,
e B B 0T 3R P BRI

3232 MESRERMRENXE

MRBAX (2-2) RUAFHEAE. LTRFRIGEERRDTEM, B
O =Wy, (T,—1))» RIERLEBRIBYE, RIBHERNHRRE, REETE
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B 3-16 AREMNEL T LRRAEEREHRE
Figure 3-16 Actual heat exchanging quantity change with the air flow change under

different vibration frequency
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Figure 3-17 The relationship between flow rate and total heat transfer coefficient

MBS LUE HEEE R E R B R A B R K, KB, &35
ARETZERAKR, BEEREAGMN, ZHEKEHE.

3.2.4 RIEXSE AR Z M
3.24.1 FRIESHANLZ EH X F

ERRERBEXTRAM WA, BEBEILFEIE 2407.7cycles/min, REHARA
ARENENRAEE TN NORINE, TREHFMT: HE23m’h, %%
P Z B ERREA RS ONEE, BHUTHER:
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Figure 3-18 Heat transfer efficiency change with vibration amplitude under different

temperature difference

MBEFATUER], BERBIEK, SRNEFEM, BREERIENEM
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Rt BRI
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Figure 3-19 Heat exchanging quantity change with temperature difference change

under different vibration amplitudes
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ME AT LUE B & R Z R A SR S B R INHT, TR kiR
BT, RABNEMERENEMREERR, LiRFNBESKN, RABER
HENRBER THEAK, BRBERENEN RARNENEAAE.
BEBK, XMHEHNBAL.

33 KB E

B EEHLBFARN, BAROBDEEEHROER. —EHRE.
BEMERET, HEHREREEBNEE GRapiE) Mgmmn, F&EHh
310.8cycles/min &5 1253.6¢cycles/min B I # PRI EA L, 2407.7cycles/min B
R BFT —E NG, FHEA RSN PR REY; E—EHIE, EENEE.
MRIMRET, FEERBAG MRS RGN, RIBRIIEIFT £ KB R
SR AR G BT P A e AR IR E T, R B IR IRIEXHE B M L A
XFE AR K.

BHRE, RINFTLAFEHRARERE, BREHEFRFARBR, RETE
REARERNERPAZHEREWE, BXNEERWATRE, BAFR
BIRE, BRAMMKCRBTEN, HhSEEHENHRERFE—EET.
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