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ABSTRACT: Heat transfer enhancement of three types of brazed plate heat exchangers has
been evaluated experimentally. The effects of flow resonance in a plate heat exchanger on the
heat transfer rate and pressure drop have been investigated in a wide range of mass flow
rates in detail. The problem is of particular interest in the innovative design of a plate heat
exchanger by flow resonance. The results obtained indicate that both heat transfer coefficient
and pressure drop are increased as mass flow rate is increased, as expected. It is also found
that the heat transfer enhancement is increased with an increase in the plate pitch, while the
heat transfer is decreased with a decrease in the chevron angle. Pressure drop also increased
with an increase in the plate pitch and with a decrease in the chevron angle. Heat transfer
enhancement in the plate heat exchangers is maximized Dy flow resonance and the resonance
frequency of the present plate heat exchangers is found to be in the range of 10~15 Hz.

Key words: Plate heat exchanger(#3 €3 #7]), Flow resonance(f%&3%1), Plate pitch(& &l
olE 1]7]), Chevron angle(#}2.22}) Heat transfer enhancement(dd &34},
Pressure drop(%& 735})

Il & M
les3 E Gag g, ol
C, s
A dugr] AEEA (] f 34 [Hz]
b Z#olE 7 A [m] h dAagAs kW/mK]
cp A E [kl/kegKl] k GAEE [W/mK]
Dh Augr) £EA% [m] L, BFER#A7Y 72 Zo] [m]
y A 2o gk
¥ Corresponding author ” : ;Tr: lkg/s]
Tel.: +82-2-910-4681; fax: +82-2-910-4839 4P 273 [kPa/m]
E-mail address: bhkang @kookmirnackr Q e kW]

165



166 ST - B

Re . Reynolds % uD,, ofof gt} £ AFdAE FEFHN FusE

oy o7l S8 /2" Wl f45E F/HA AA

t : ZYolE T4 [m] Q] 9} (self-sustained oscillation)E A3 A
T 2% [K] AA Fa4E 2 EE A AT

ATIMTD: ds+dd2=3 [K] FETANE o) &3 dREALSS FdAIE

U CFR ddEAs [W/mK] A7 ZAM, Kwon et al.?# Nishimura et al®&

u CoAg U SASE, [m/s] HHGUEE BAR a2FHE Add A dEH

o sty digd EAAGe] FAHE RS
B9t 3 Nishimura and Matsune”e AFQ1

dg| A 22X 43 HdoA] #FFF 3ty FHEH 4F
oto]l Efo] R AL EXHE AN

v ¢ FEAAAF [m/s] 5 2o
B9 IUE [kg/m'] Kim et al.®% Rodarte et al®e A %3
WE F7] [sec] Eug7ld #AFFES /1AL wW AL g
= B8 d72 $93Ac Kim et al®e 2
SHE A < ATFAZ sto #oluzxF 100, FIHF 10

Hzoll A Huo} 284%7tA ddgo] F4EE BA

c W4 ot E# Rodarte et al®2 R134a% Wulz 3
h & o, AFAE By FE7) A FH #AF 4
i oy dudr) XE 9T & 53 dudrldaM Weie fFi&£=9 St
o Bs dudlr) X &3 (Strouhal number)d] Wt &%FFA Fi4(a-
D dERT coustic resonance freqeuncy)’t AL B Y
r 3+ A (resonance) t}. Grosse-Gorgemann et al"e Z271%q Fz
s B35 E & zZte Ad WiA 54 gHolzxFdA A4
ss <& H(heat plate) w77 AdEe s
ol¢}t & AFEL By Fdugrld #HFHF
1.4 & 2 FUES o EAY FHY S BTN
At EAge Aol {FEFZ Fugd 9T
s 9 FRA2H FA QAR Fo]l AT AAAE FHEHEA FAch Mg B A7
353 AAwle] AFLE7lo] AokL WL oz ¢) T 80y Fu@rdMe E€Xg Fdol fE5FA
o], B8 937 IAY QAIANE FEB of % ANANE HAFACE =g #Y Gus
S w3 9t duizdo g dwsy] U e 719 8221 E#o|E I X (plate pitch)SF A
AL 2AAI A FA9 F&E5E F7HA B EZ(chevron angle)e] #3le] wE dugr]
A dEzo HolZ E A A3EHL = o WEFZE W8 §5F3 Fago JATA
Jate BYe Aoz o gk Iz I § detrzd g
29 AgE Al Ao uydEse 2408
g8 F7iln Jdenz J1E A2 Yo & 2. HEEA H Wy
FHEd SAFAFE 2 {FELTE JtE
o F%59 AAHA EAAGAPE opste K EF 2.1 AEER
A3 flow resonance)S o€t WHFIHAY
< FAAINE ol a7Hm o B oAy A4E #¥ dusrle M9
FEITXE o2& AT FFVIES AA & Table 1o} EA3ET &8 dugr)e] Fagl
A"l Agetr] HEiMe 3 A=Y g ¢ 2kl B EZ FHolE X wet type 1,
53 & Fy(natural shedding frequency)E <& type 2, type 39 A 71x G2 EF3IA



FEFQo

Type 13 type 2% 120°9 A2&ZE& 713 3
Zt dggoz FHogln, type 39 A 60°9] A
BEZE 7MY =3 type 1% type 3© 245
mme FolE HXE 7HA 9, type 29 Fdjo)
E ¥A+& 142 mm °olth FE53He] #8 dxn
719 A P € dEAEd v 9
o &% ATE T387] Y Fig. 13 2L 4
HAAAE FASIAT AEAANS aA PR
a4y dudy], A& 12F FZ(loop)E 9]
Folzg, By dudriyd FFHAe EE A
|3, AN2EH aLF9 H4 dF2:=e
dAgsA FAAAGY. A5 12F9 Eug
7l EE 74X AT 139 &FHE 94
ZAAS wolA, HAAAEE o|&Fd 60x7t
S FFY HIHLE  FFA(rotameter,
Dwyer)E ®As¥UT. =3 w3 dadr)9
Y- &7 ZEo IAI(T-type, Omega)E A A
3t durle fYd=ET ALSH 2lEF9
d-&7T 2EF 4tk 494 AE8 &
Ade A& 2x9 &AL A6 01CY B2E
2EAE o8 RASFAT. B duBviq
Ao teEAstE S48 A A2E A - &
X E] 2¢A(Differential pressure gauge, Sen-
sotec)& A X34

ALE FZ2 Yo #E5 /5L 7H2s7] 93ty
2Hg WEE 4x3 T JF AHE RE9 3

Table 1 Specification of the plate heat exchan-

49 dugrle 2L YA ¢

gers
characteristics | type 1 type 2 type 3
size
(lengthxheight | 112x310x78 [ 130x210x45 | 112x310x78
xwidth)
Number of 10 o 10
plates
Number of
8 10
thermal plates 8
Heat transfer
area for each | 0.03256 m’ 0.0320 m' 00325 m
plate
plate material | AISI 316 STS-304 AISI 316
chevron angle 120° 120° 60°
plate pitch 2.45 mm 1.42 mm 245 mm
Hydraulic | 005 o | 220 mm | 479 mm
diameter
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Fig. 1 Schematic diagram of the experi-

mental setup.
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Fig. 2 Heat transfer coefficient variation as
a function of Reynolds number at
steady flow.
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Fig. 3 Heat transfer enhancement ratio varia-
tion as a function of Reynolds number
at pulsating flow.
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Fig. 4 Effect of pulsating frequency on
heat transfer enhancement ratio.
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Fig. 6 Mean pressure drop variation as a
function of mass flow rates at pul-

sating flow.
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Fig. 5 Pressure drop variation as a func-
tion of mass flow rates at steady
flow.
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Fig. 7 Pressure drop enhancement ratio var-

iation as a function of mass flow

rates at pulsating flow.
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