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An Experimental Study on the Effects of Design Factors for the Performance

of Fin-Tube Heat Exchanger under Frosting Conditions

K.S.Lee, T. H. Lee and W. S. Kim
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Blockage Ratio (z}ghs))
Abstract

In this study, the effects of design factors of finned-tube heat exchanger, such as fin spacing and
fin array on the frost growth and heat exchanger performance are investigated under a frosting
condition. The results show that the amount of frost, frost density and blockage ratio of air flow
passage increase with decreasing fin spacing. Heat transfer rate increases momentarily at the
initial stage of frosting and then decreases. After that heat transfer rate continues to increase
again to reach a maximum value and then decreases dramatically. It is shown that the time
required for heat transfer rate to reach a maximum value becomes shorter with decreasing fin
spacing, and after a maximum value, heat transfer rate decreases very fast. The maximum
allowable blockage ratio is introduced to determine the operation limit of a finned-tube heat
exchanger operating under frosting condition and is obtained as a function of fin spacing. It is also
shown that heat transfer rate of heat exchanger with staggered fin array increases about 17% and
the amount of pressure drop of air increases about 1~2 mmH,0, compared with those of in-line

type heat exchanger under frosting condition.

NEMY ha AL AS (W/mK]
ceddgwA (m?] hn L EARALA S (kg/m?-s]

a HEEA (] i olws [k)/kg]
Co A4 [kJ/kgC) k dA=A S [W/mK]
D [ AZF [m] Ly 334 [k]/kg]
Dn 43884 & [m] m Aekta [kg/s]
E; :oyAALGASF [W/mK] Nu : Nusselt %
G A4 [kg/m’s) P oty [(mmH,0]

334, YL AT Py Prandtls

kst el ¢ 9", oAYAAZ [kW]

71)



2658 ol T4 -

Re . Reynolds4~

S 27 [m]
T : (]
t A7 8]
w BAFE [kg/kg)
X %A [m]

8| A2X}
4 . zbo] (difference)
7 EE
o HE [kg/m’]

sHE X}
0 x5, F3A
1 . 9 (row)
2 . #l(column)
a FNF 7
av B
e . At (equivalent)
eff . -3 (effective)
F . 3 (fin)
oo AEE
] . 9] 7 (inlet), <% (inner)
[ i Rd
m A 24
max | # o (maximum)
min . & 4 (minimum
o . %7 (outlet), w}zZ (outer)
s 1 Ed, 34, L34y
T . A A (total)
¢t . Z(tube)
w %7

LA &

%7 Foll 2359 e 57+ 714 sl

A 2A) Az AaEE A OFAY T2 A
Aoz dudr] g FasA Aok Mg
e AnWrE B 52k £371% B A%e =
2 Jddl Alolo] gdEE JAHF ¥ ohie, F
719 #5& Wl dagrle) A4 As A
£ zA ¥

A7 Aol AR Be AFsF Adsie] %
A AAz ALHE L3 Ansl Sol B

SEEREERS

ol &%t Are F3 FFF AAh T
A-3 dagy] Fao] 2HT R ojezl, AT
Aoz Q3o oiz) shx) Aol A4 AF A
8] W golvt, 42 el W-2 d2]
Aol b Fad dAR FEgel AP
7129 9FARE Aeskd oexn R Sto
ecker, ¥ Hosoda %, @ 23, Gatchilov §9-&
Ao wAz)o] Zrlale} Bao] A wt
2} o] ZastE Aoz ¥ud b, Rite 59
€ Hgol APl wet Ao T2 FY
=

He 2 Wadon, Acki £®& a4 z 7|
das vl F A% Fohce 4E¢ dod
e o ol%

Gatchilov $®& zaradojael 4 e
A4 AdeolAe] fEAFdH HeF 4oz AT
F7HAl FEA Gl Feolztam sz, Konde-
pudi $0¢ ¢A33he] Frhe 224 A4l
& z}l¢ha 7} (blockage effect) w39 & W&o,
ol A FA olFgltl Stoecker®s} Niederer™e]
SAHE Aol
A 2tk 249 -3 AmBr)E o] &
stollA] 3 A A sl A Aele] w
3 , 2R, 3U1S 4E A
| AsWEE 2ARRA g

HO

ol
ol

_?l'.

2 o

;N' "y wo o
o Hoi

>,

by

o,
"o R

o
nl
2
aft f

_‘iL rlu
ol N
Loy
a2 ofj
3
e
N

T

Fo i tidee v
Hof] wtat of2] shx] 9 °éﬂL
d4E AAHer BT § EE £ 20mm
8 olz " (acry)T e 2 500 mm X500 mm X 200
mme] 2712 AlFsglew, wite] FFI 40
mm FAe] AeZE2 HFGAZ G TIEE 0.5
ul@ o] &2 ¢ (blower) 9] 3|A4F w37 Ay



A AA Q] whE #-2 dmBrle Aewsto] #E AP A7 2659
Flow Flow
straightener probe Screen Circulation
Section
—
Test / =
heat ( =
exchanger 4
1-—""F" Blower
i i Test-
! 'Section
Cooling -}
Section |Pump ﬂm
Climate
Chamber
Flow ——
straightener —= 1
Screen
Fig. 1 Experimental apparatus
2§99 3719 §%¢ 23 4 Y5 L GAS Ao FEAAE olgse dmBs
Eoizch #FeFFAL #% 379 2=F ST 379 L4558 &2AH3D, a8Ea, £
0~70°C, 233, FEF 30~98%2 HHA A  FZo Y3 FF %(ﬂow ozzle) & o]-&3le]
o]she], o &AL 2528/Hojt), zElm WAEY  dagslE: EIEE 39 wwL &A=
£ AlE dagr2 fsEe Yol elEAZYE &, dad@dsle Jge - &7 25, Y $2 &
0% «ged)e #%7 ex 23% ga 10hHe] AHe dusrlel du - 270 43w RTDs

Az} 5olee] WESh zatsle) g Fig. 20
of AFolA ALSH 29 29 W-# AuBrE =
Aetsieh,

22 MEWY
AYR o . &Fo] Zz 5448 AdxE T-type

cold air

i)

gyl FEAE ol deh dmds] 3 9l Y
Y7ot 2, zElm, F74e $A)o) T-type AR
(¢ =001mm) 5 77 FHsl B LEF =
Aagdch 2o, el Fakl X A
o} 42 42 T-type 44N (¢ =0,01 mm)E
Shuid Faste] F 2o Alg HEg o 2%

Lo

)

%

)
X

S

~

D
N

)

==

warm air

— : Refrigerant

< : Refrigerant out

Fig. 2 Fin-tube heat exchanger for this study



2660 o <4

R EREE S

Table 1 Measurement range and error of devices

Measurement device Measurement range Error
Temperature 30~70C +05°C
Humidity sensor : T
Relative humidity 0~100% +1.5%
Differential manometer (for air side flow nozzle) 0~10.197 mmH,0 +0.02 mmH,0
Manometer (for pressure drop of air) -1000~2400 mmH,0 +0.01%
Turbine flow meter 1.325~13.25 //min +05%
2 EA AFolE ol = ($7 50 pm)E ol +XpeAro @
&otel dadrle Frdel dANE FARAT gy N, pr B wpAED, X0 X A7
oA AAE Fny) 4 -EFF Y - F A3 o] WA AEel FA, And Ans
=, B9 w#, dele e+ 233, R na mag Age g 2o 9Ae e
=3}

slo] £x= a 15&=lrt data recorder® E
E3d, a3n 1548 AR A F
24 A% AAE Zgstn, Y AYAE o)

o AW Aoleln Yol GAANE A%

-

@9k 490 $23 Fol 242 4 5
249 433 37 O 279 A S5 A
LA

ol g3led kel Habekol 5% o3t He WolA
A = _1_7]4 Z'HZH’L‘:—»] ;(}o]
| 474 £92 4ye 2719 §4¢ 24

A A4 s gen, 5

A wl9el 93+ Table 13} e},

23 MY Y

231 MEs
4
7

of £
#r19 Bzt Aol Twol WAT Az
%ol Se Aol Wl B BAGG AR
Spof 2zt Faeh, of W W3} HAol VAT
o) AL AT A2de) FE A 4%
of AEsgie,

Fl" i‘d

¢

.13:

H
o

ot X m\o -{n

< o

Sk
%S
232 Mal&e g
g7 Bulo] wAAg AMej=e =
Azl o] ksl AelRe] Hujzs B Pk

= o
A7A, mee AAFoln, Aeize ¥or o
Aoz Fr},

2_ 2

V=X o] g~ EUD 2K = D) |

233 gxg
£ Ade 3719 3 AARFE 3719
2= W3l 93 ddAT R 375 2¢H
S37l9 Al od RUALH oz vu
9 4 glew, Yoz £330l 234 43
A9 Ame ABrle AWzl wa 107 A4
(order) & 7IA 22 BF 4579 AIAIE ¥
A olE FAsN kg 2
QT:ql+l]s = Ma(ia,i—ia,o) (3)
o374,
1a,i= Cp,a"* Ta,i+LH’ Wa,i (4a)
la,0=Cp,a* Ta,o+LH‘ Wa,0 (4b)

234 ofX|MEA ] H M

AelE EdoMy AAUAALGATE A4
A= Aeld B9y <legg dojof g}, 9

A5 a7 YA E AMElge Fd 2xt

Aeseh o £XE U3t TAARY A4S o
230 o) Hezn Avg + 9o
hncC, a_ Qi Cpa’ (Ta—T,av) _

haP —‘QS'[W:"WS(Tf,avsTLH_l (5)

o wl, ws(Tra)® AMEEF Fwe BT L=

TraolA18] 231 Aulgselrt, 4 (5)24¥ +

& Aoz Edel BT L2 oledel e 2

ol Aelx Exe] WE AAE TEh,
Zfazl cpa* Travt+Lu- Ws<Tfav) (6)



AL AAQA ] W A-3% dwgle] Al Fd A¥A AT 2661

9 AolA F& AYE EdY FT AP, 4L oAJA, EdEE pE
ol

7] 9 - 2T 271 HF & FEZEH YA
— Aot /i *Ar,o (10)
ADAFE g3} o] AAtdle, 7T Aot Aro
E, = _4gr gy °l® AEE prt Browne] A% At
¢~ Ar- (la—irav) /Cpa b3 2bo] AlAtdtct,
235 MalEol 98 AMETAS AL e (11)
Z dAxwer, aogx FEAAL HdwE '
N ~ O = R g
For 3lo] ool o] Mz FE AARA 3. Zo 2 ;&

T (krerr) & T T

o] Felxe Fig 20 vepd ut gle 2% 24
- %ﬂz&ﬂa Abgstod Zaixl zAbz A sl A
o A Ao widdeel o H-3 dug

qr X,
Ar.o : (if,mln_ it,o) /Cp,a (8)

-
o W, inmnl FUEE () BelF olg3hel & o

Rferr=

%3} zo] o, 78] o-z—a} 44el AAE =A%m, g,
. 49E B3] 34T REYE qedze s
brimin= Loy = 1am ©  uE 59 Helzd 47, 5 gHA 2

Table 2 Experimental conditions for this study

Component Spec. Component Spec.
Number of 2 Number of 9
columns TOWS
Tube material Al Fin material Al
Des.ig.n Transver‘se 27 (mm) Longitudi.nal 30 (mm)
condition tube spacing tube spacing
Tube ID 6 (mm) Tube OD 8 (mm)
Tube length 370 (mm) Fin thickness 0.2 (mm)
. Air inlet Air inlet Air inlet Coolant
Operating . .
condition temp. humidity velocity temp.
() (%) (m/s) (c)
6 70 1.0 -30
Symbol Fin pitch Fin type
@ 20.0
bAd 10.0
In-line type
b4 7.5
b4 5.0
O 20.0
A 10.0 q
Staggered type
d 7.5
<& 5.0
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