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Study of Flow Structure and Pressure Drop Characteristics
in the Louvered-Fin Type Heat Exchanger
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Abstract

Experimental studies were performed to determine the characteristics of flow structure and pressure
drop in 15 : 1 scale models of multi-louvered fin heat exchanger in a wide range of variables(L/F,=0.
5~123, §=27°~37°, Rer=50~2000. Flow structure inside the louvered fin was analyzed by smoke-
tube method and new correlations on flow efficiency and drag coefficient were suggested. The new
definition for flow efficiency, which modifies the ekisting flow efficiency, can predict the flow efficiency
in the range above mentioned and is represented as a function of Reynolds number, louver pitch
to fin pitch ratio, louver angle at low Reynolds number. Drag coefficient which is defined here is
a function of Reynolds number, louver pitch to fin pitch ratio, louver angle below critical Reynolds
number, and can be represented by a function of louver pitch to fin pitch ratio only above the critical

Reynolds number.
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X el g R A &MY F7t F
AZ A3 A Aol A o] HtY, F
NEEY AnGr] Aol A a7HI Yo
ZrE AIEHE AMRETY AT S
9 AdAAe] & nds E3E7](compact heat
exchanger) 7} B4l &ol] MEE o] ALE-Fol St
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A2 GA FAY A7 Fa¥ Ao
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FE AardEA GHASERAE L 5 e
AEE RPN AHgo] 2T EL WA AE
2§ 4B¥7) &, 4 7] (radiator), 22 7](conde-
nser), &2 7] (evaporator) 5E 2EH ¥ (strip
fin) o]} 48 8 ¥ (Jouvered fin) @717t F2
AHg-Ec) 2HEAte] A48 duiny AX dde
Age 7)HE(gas-side)e] HEA o) Q3] 2
AE s ole XuAJA Aol FrFA &

A3t o] Zlo] WA EA 8 e] 80% ©]F& 2A3}7)
g Zolnt. mEty F71& XYL EYo2Z2H ¢
ngrle HEHEE A FANE £ AU @
AYE Fole WELE A F /HAE UE
Aed AAE f(En) D T BT Alextened
surface) & FFHAA JEAF G FUHA 7 wy
ol AT F71&9 dHABATE FNMAAE
oot AL A 5 7HA &, A4 EHE
AgEte EE BEAESAHA EHE AMEdE W
Poz Ul d4 3 B9 e 1
28 &3 HHE &) FE5%E counter-rotating
velocityE ©] &3t dAEE F7HA7IE ez
2 24 333 (wavy fin) % 2E8 (dimple fin)
o] Ut BALHQ] ZHEE e ALE EA
Zo wtEHed Hgr £dHE By ALEAHE
T3 7le Aoz F29 B(louvered fin)d ZE
HHGtrip fin)ol Utk o] B4 HEUL BALH
ol ATk KW Wile HARE FAXAH A (lea-
ding edge) oA ml&ASe} GHGAFE w5 7
A EHoZ JHAAN o] F g BF A
ol ol2|$ Bd& 2P NEH g Pz
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o] HE&AL AdH(cut edge) ] A
e & AL wed Ee Ag
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Ao FEAHE FAslo 3k AYHeg F
Baakel 34 160km/h F3 A 882 g~10719
AXolil o] F 8~10% HE7} WgdrlelAy 4
e #E5AYe 9% &dolt FeHEL o
FAsto] 7HE 37 ol AE A AR Rokel Bol
AeEed HEHQA FLHE i JEEH
25T IutAQl f-588E Figl ¥ Fig2sh 2o
F99 g4 dig A7 19503 FE A
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Fig.1 Cross section of the louvered-fin heat excha-
nger geometry

Fig.2 Typical deviation of the flow by the louver
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A vy e FAEANe 98 F AP
Achaichia®t Cowell”& 2 Reynolds$(L,71&) 4
ME f5ol FHHUE 45 0432 2 Rey-
noldsToll e e td &5 FAF £5
AR WY T £X 842 £33 Reyno-
lds7F 74l =t HIEFFZ(mean flow
angle) o] £ Z}oll 2 8¢ B Q) HZ Howard
¥ 1080 B 2dd) gis)] 2ol M dRFUY
(dye injection method) & AM&-& FE71A 38 7
22 AT2E FFREEE BYSAT. Webb”2
AA 2d& 108 sl FeHBE B4
olZ ¢ Reynolds¥ 400~4000 HH A HEF4
HE AHRd FREES Y3tk 2 7Y
FE5E&(flow efficiency) & Folstgen T4
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Tablle 1 Specification of test samples/unit : mm]

Sample Variable
F|L | ¢ |LF|lL
Sample 1 1579|135 | 27° | 0.85 | 280
Sample 2 2153 (135 27° | 063 | 280
Sample 3 2727(135|27° {05 | 280
Sample 4 1579 165 | 27° | 1.04 | 326
Sample 5 1579 195 | 27° | 123 | 378
Sample 6 215311351 30° | 063 | 280
Sample 7 2153 (135 | 37° | 063 | 280
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=
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Fig.3 Schematic diagram of test section
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Fig.4 Schematic diagram of experimental apparatus
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Ayl AHd FF2 AW E(inverte) 2 A
HE #% 4% 71 (induction motor) & AH&- % F 44
%% (suction type wind tunne) &2 &)X o+
d #E5E 47 A3t NEE btz g T
(honeycomb)& F7t2 F 3R Faxgde
Table 29} Zt}.

222 A71EAY7FA](Smoke Generator)

7] 7 shE e fERWA A71e e 9
Ag ZELFer EAAAAM PN FE5E
FAe PSR of BEAE 19 dXE
$4& wet oA goh A71dAE K&
ue} Af2o] o537 MM F&3] otk
30 Ut #UEFE JE e 2E 2 (streak-

line) & & & Aok A7) EYL A3 AH8HE

EAEE 2, UR, 23, Hey HEZERE
o] = (titanium tetrachloride), %71, ©&F4A
(hydrocarbon) 2.9 F°] sich €7151=be} =77}
0.154m ©)}slojof W& F#3] IFA7IER
22717} 2% 03~104me A 2d 2
carbon £.Y& Bo] AME3leH AMEHE 2¥e
e QAo Fafsor s stehntgd] oA

Table 2 Specification of wind tunnel

Type Suction Type Wind Tunnel
Veloci

sloaty 0.1~20m/s

Range
Turbulent 1%
Intensity

Type : aerofoil fan
Fan

Max. Air Features | 160CMM

Type © induction motor

Motor AC220V, 3%, 3.7kW
RPM Control . inverter PWM control
Type : sus 304 #24 meshX4
Screen .
Material - 5541
1 Material . Al, Polypropylene
oney: Size : 750X 750X 100
comb
300X 300X50
p—
Contraction 417~565 11

ratio

HEY - ol

e temperature sensor

E;;.".:{::.::;';j I = ’:

= !; ] heater
. l suclion fan I .(‘°_._. ..,._l
[rmoke| l
reservoir ail refill valve
i e
bypass valve ) "'-:‘1 oil Innk .
— ———o smoke T H

ail drain valve

Fig.5 Schematic diagram of smoke generator
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AZidd dle ded 2o LdePPEE s
AHg-sted HHA e dE FALE #As| el A §
Ho 2 @AY Jtguhde G wyo
EX L2 EAAE AR5 H2EE 170°C
2 {FAANE $AE A7l FYd9 A
A7 AFEE B =EHE &l &S
ZHdE22d FH(AE #~4)E A1esgon
25g B3 JeE 979 £EE AGRIEAX
(voltage transformer)& AM8-3ted FUMY FA+
& ZAEEN FF9 F5% XA B
A8 7o A4 A7t =(smoke flow
stability) & A &% Ao 0~4my/sol X FE3) A
H d7]M(smoke line)& ¥& 5 AAYTh

223 #F34E 718 o gEEd FAA

B Ay AMEE #53E ERAX 9 AQL

Table 33 2t} 53 Ao ALgdE Ze) Bre

s

>

Table 3 Specification of video-color printer sys-

tem
. 25" S-VHS Monitor, Model2604,
Monitor
GoldStar
Super Video Model NV-S77,
Camera PANASONIC, (X 20)
Super VIR Model S751, HITACHI
| ;
Color video Model CVP-G7, SONY
printer
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ZTHE =YY FvlEe) e JFEIFRNER
H de 942 2UHH (monitoring) 3 A Y3k
g 24 ZE Aoz AN £ YeE F
X o]},

AAEdel ¢ - &7 A9 9t pressure drop)
£ 97] 913 3% HEFH (3-hole pitot tube) <}
)@ otievl e} (digital manometer) & AH&-3F T
B Ay AH8-3 dAE vl el 1/1000mm/H,
O7MA &3] 7153 2R A3 AYE A& F
ARLey YEFE L o]FL PCE AoisE 334
ol HF A& A3t ZHAXAA 3 ol5T
ot g2 =9 MY Table 49 2t}

Table 4 Specification of pressure measurement sy-

stem
Type © 3-hole pitot tube
Probe dia. - 4
Pitot Tube rove 4. - mm
UNITED SENSOR &
CONTROL CORP.
Instrument range : +19.999mmH,0
Digital or 0~18m/s
Manometer Model : FCO 12
FURNECE CONTROL LTD.

23 YUY

2 AFoAME 71318 Hae tdE iy =
Dol thal ReynoldsT& HaA7|HA] d¥E 3
Aok 7iE FERE A4Prd gTiMYg 28
A el dFEsE GHESAE ALE-so
5 & WHE & ¥ YiEgs AHgEd fETR
A d¥e dAr|y &Eo] BalHo] slAEst
EtEs A derta) Pstge 4 A3 54
438 2o W2 4 A(Re;,=100~2000) 1 A 88t
woh d¥ERde] H4E EHFE Table 590 e
et

231 #FETE B4 49

HJEELYE FAT F FF5Y IHE FHFE
233l 23 & B3 AVLRFAY =
& v AE 1R E AMEE e 8 ALo)
F4ol AU, VRPN IEHE Y

R 4B B4 B A7 145

A F FEHe 2x7t 4k =EIE 2
EH/BIE F5dle] ed g AHoz IH=2
B, 27 44 E A7]e ulo]s2(bypass)'d
Hoj oA R wl&ED o] F AN E B}
T A AVl FURE B3 ANANALE
AR =82 FAHEY. old xF9 BAETZE
At 2HFA A o) FYNe] JHFE 23}
224 #4534 9NN 4717 /REFIR B
AR HY e FiveE REAA +E5E8E &
Foh AZe 4719 =& AHE3tY A ALY
el e g A -3 AAdAMe ERE B
Aty &5 8ol  BLde 9Yd =&EE Al
39t olst & WP o g 05<L/F,<123, f=
270, 30°, 37°9] HEHH oA Reynolds+& H3}
AlAZIY HEAEE s
232 ¥ HH4E

7188 FFY FAeHEHL fETE2 B4 4
B34 FL3tth 3xH4 WA AR o]FFA A 3T
NEFREE ZAT 3 A vievfele] HZH
(zero-setting) & ¥ttt

Figqol el sle 48 &3 E(hole)dl Z2x
(probe) & Aate] Wt Az 97he] A A
dEHE 94 F HTEs FIHAY.
Table 5 Range of experiment

Variable Sample
Samplel | Sample2 | Sample3
F, 1579 | 2153 | 2727
&y 1oL 135
L/F | 08 | 063 | 05
g 270
Samplel l Sample4 I Sample5
F, 15.79
s | L 135 | 165 | 195
L/F, 0.85 1.04 123
8 270
Sample2 l Sampleb [ Sample7
F, 21.53
6 L, 135
L/F, 0.63
6 27 | 30° | 37°
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Fig.6 Sketch for flow efficiency defined by Webb

actual transverse distance
ideal transverse distance

flow efficiency(7) =

=Ds
=D 6]

E
ol

Webbd] 212 ool A AFHE
2 R-%(ouver flow)e]l BFE
%-’F% F7)19 g9 H&29

QHagaH S B )
A7E Webbd] Rl o3 A&

Be QBAUA Y87 ofee ATt wAs
A5k 24 AAAH S4tke) dAD o
AN WHZ = AYRDY A9 £ 49

JHE B8 AFE DAY REA F5T
Fgon Agrdel Ao|7t F7igch & Webb2 9l
5 D7} F7hgch agEs 2eugrt A
FE& FEEEL FEAR {54 Zo] Lo
& Fog F/Kl7] wid AAHoR FHIX
F/7F FEEE F7l vAEe d%E EFH
B ¢ g A g9 FeuHxst o
Fstn Feuze deE2 ke 4 dx F7is
A FFELo] FUIEIAY By Do FrlEo]
AAA =l RAA Fo 2L 2AE A ok
ojgE L olfE FEFHFY Hold U TEE
nH3A @7 Aol FHA EAHFHol A
&2 e AL Webbol HEE 53 I
gEoz BEch wabA] Webbol A ojgh b4l
FEESAE olRdNE B 4 dolgE ¥
Ho2 g+ g7 4o M2 FEEE2Y
o7t Badt ageg oed e £3d
FEEEHE HYdtd A¥EAAE BHYsd

Modified Flow Efficiency(7*)

____AA §F° ETE $£4HAL
R B w50l FHY TIHAT
N,

=N €))

312 718183 ¥4 9 ReynoldsToll 2%
fETz g

A WP FEY4L Reynoldst R 7138

A wgre] o uel Sl BYPF /FF

(duct flow)ellA4] F$Ho] HYPstA 52 /F

(louver flow) 7+A] ¥ 3 Hef & HUth Fig7~Fig
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Atk oJAEL 7 FolMe YT Hade
A HelZT A4l w29 A5 Qv I
22 o o HeFes 2eiA 2am 39
FYAE Fulo] a4 FE o) kA B
%o $YY 45 FRE Y4V 5, e
AAZ #FHE GE #5YUE 2D 45
Ve A FAWNN wohieh 29ug £
2] Aol HE wABET olE F2 8 FAZ
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<1 Flow Direction

(&)

(b)

(©

(c) Reyp = 150, Lo/Fp = 063
Fig.7 Streamline in a model of the louvered-fin ar-
ray

A 71dshe Aoz FeE el Z2E f50
B HY Rae) FUAY F9Y FAZ Ao
FEHE7 Yol o2 I8 W F /I £
Atolel X AT 7o MG SEAE
e EAsH AFE 929171 AR

#%5 G4 S T B9 2R 5
ANTE AAE Reynoldst7t F7H8td f%52o]
F4H 7o PP F9HE G2} B2 §
Fol ¢4 B elE dodE B2 Re-
ynolds¥7} I AU FeumXs YAAu|7t 2
Age] Fg BAZYT. EAE §FEo] 29
Adtel] 224 A v} dolue F2A §%
Zte] Z7tel wel F, Reynolds¥2| F7hel wet
dyse X7 da2A Jebrdd.

<@ Flow Direction

(a)

(b)

(c)

(a) Reyy = 100, Fy = 15.79mm, L, = 135mm, 6 = 27°
(b) Rer, = 100, Fp = 2153mm, L, = 135mm, ¢ = 27
(¢} Rey, = 100, Fyp = 2727mm, L, = 135mm, 6 = 27°

Fig.8 Streamline in a model of the louvered-fin ar-
ray
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<@ Flow Direction

(a)

©

(a) Reyp = 100, Fy = 2153mm, L, =
(b) Rep = 100, F, = 2153mm, L, = 13.
(c) Regy = 100, Fp = 2153mm, L, = 135mm, & = 37°

Fig.9 Streamline in a model of the louvered-fin ar-
ray
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(1) ReynoldsF(Re;,) o 4%

ReynoldsT2] ¥%& EE d¥RdoN AHY
FAE ARE M) ¥ ReynoldsFolME &
F2Zto] 22 gk-& 23 Reynolds+7t E71Eo) ota}
2 Zte] H2HAh FAY FEFELHANA
B Reynolds+9 F7tell wie} G717t B 2
F4uAtol g BHHE2N AL FI1E 7ML
t}. Webb”€ Reynolds+7} F71tel wal 55
0] F718lt}7F o= Reynoldsoll €319 1
ol FFAE FUIEA &S HEA oy
ReynoldsT& ¥4 Reynoldssetx goldlgich =
3 97 ReynoldsT<= F$H A9} oA o=
F@3n gGA Feuizigte oln] FEESL

2 A Reynolds ©13to) A= Reynolds, F$ 3
¢t FHXy] 222 2w d7he] FSoln A
ReynoldsT °o[*dellAl& 23 F9u =9} #nx
H) ko] eEla By} B A3 A Figl0~Figl4
ANXAE YA Reynoldss °]8tell A& Webbe] 2
Tt X Pot &3 AA ReynoldsTE T3+
vde A#3At. 2 ol Reynolds®7t 400
Ao gEtH YT R fFo BT
AEE FrEHEHE TR oEHY o o4
BEE dolgts dA Bl wEolnt 2y
A Reynolds¥ ol&tel M2 §FEELE Achai-
chia$t Cowell”e] Z#el vl $ FAMgon) whabr
Achaichia®} Cowell®] 7l4FZ2 333 Reynolds$ 500
XA AA ReynoldsF7t EAT Ao &
gt}

(2) F9HIAX L} HAANE|(L/F)e] 9%

Figl0~Figl4& 43Ry 999l f53
¥l7b bl ol £339 fFER L 4SS
BE3] & 5 Utk FEuHAY AR
7Hgiths e R §8AYge] Foigths o)
el B AFME F7HA gz fEXHYS
Z7'N A Figloe & 2E ¥4(,=135mm,
6=27°)% FEs YAX(F,=1579, 2153, 27.27
mm) 7t 3§ F$ol3 Figlie F$¥Hx vHo)
¥ 2} (F,= 15.79mm, 8=27°, L,=135, 165, 19.5mm)
B%olth Figli2HE #FEELEL FLuax7}
F4E F71311 FigloL2REHE A9A7 A&
T8 F718E & $ o 79 dE F499
A XU E =Y H o] F Mg it
S B} golaA veld 4 Sl Figl3ol Al
B F ARl LF=1M% B L/F=05% %%
By Fabd fEAL&0] 80%0lY SMEE ¢ &+

UY FEL FEHIAAG @A FH

wel 2o Be 38 FHstn 977 AL #4
HE oA o 27t 2999 93
dFHEgo g olFditl AAHo g Feu AR g
AHGXE 7 E5F T 9 f5Z0) B} wg
F2u Yol HI28e,

3 F+HZR(9Y 9

Fig99} Figl2e L,/F,=063°]1 6=27°, 30°, 37
°l dEmde f% AW 2 B {FEES

agzoleh, fE40] FHYFE FEAL] F



FouPY gy §5TE R 4FAN 5 B¢ A7

1.0
—~0.9 - Symbol Fy(mm)
& o 15.79
0.8 1 o 21.53
> a 27.27
207 -
@ o
206
ot
b} a
o5 4 o
z
204 4 o O
<3 o
=03 4 o g a
2
Foz4 © a
[=]

o

=0.1 - a

0.0 T T T

0 100 200 300

Reynolds No.(Rey,)
(F,=15.79, 2153, 27.27mm, L,=135mm, ¢ =27°)
Fig.10 Modified flow efficiency vs. Reynolds num-
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