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A Study on Heat Transfer Characteristics for Cross Flow Heat Exchanger of

Staggered Arrangement
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Abstract: Because heat exchanger consists of many circular tubes, the analysis of local heat transfer and
pressure drop at the surrounding of circular tubes, performance and calculation of size, economics play
important roles in design. In this study, This study conducted experiment and analysis in order to observe
convective heat transfer coefficient LMTD (logarithm mean temperature difference) and pressure losses
according to water temperature and air flow rate using a cross flow heat exchanger of staggered
arrangement. This heat exchanger was composed of staggered arrangement for five rows and seven columns
of tube banks, and the condition of experiment and analysis are 40~65C of water temperature and 5.0~
12.3m'/s of air flow rate. As a result of it, since air density decreases as water temperature and flow rate
increases, Reynolds number decreases with characteristics of low flow velocity but mean heat transfer
coefficient increases with air flow rate increase, heat transfer performance has been improved and pressure
losses decreased. And since heat transfer rate shows about 8 ~12% and pressure drop around 0.01~7.5%
error as the analysis result, the feasibility of this study could be evaluated.

Key words: Staggered arrangement, Cross flow heat exchanger, Nusselt number, Heat transfer coefficient,
Pressure drop

.M B F (ESONS
C A upE 1=}
D &9 A7 [mm) hy, HagddGAT [Wm'K]

T XA N SR 714 - AEAEE), E-mail: jkyoon@gachon.ac kr, Tel: 031-750-5651)
1 7HEdg . gk 7141383, E-mail: mryoujh@naver.com, Tel: 010-2933-2287

1016 / g=vtd A=y o] g 3ts] =] A367 A|8E, 2012. 11



67
2™, Yoo

°

At

L AA Bl 5

ov;uﬂ%ﬂ@m@mro%%wrmmwﬂwxﬁ WOE (o gfm:_aﬂamiﬂ&mﬂmr
+ = " r ‘ ~ =T X0 o < " J
#5275 E s Tas R T’ R A 2T ETAERE e
X oF o < = T F - ® L, m @ ~ o [~ ~ Xe X =
I Foo gL 8F m W B X W @ = 4 g
g YT a ks T oo g BE Ko T S
o THT FE g =2 I T o o ™ g R g HD - T
ijE o W E o I g X° 8 = T W o i o @ n 7 == 2 o L N
- ° o O o Mo T — T o W s N 2 W ox %z
) 5 w W o o 0T o W ok T o
X [ T ) o X Aoy 2 X 70 NOE W ok w4 r
X ESES ES TP EEE AR EIE S LS T S LD
100 _ .0 hANN> —_— i — o
AR ST RO SRS Bl R Sobs R TR PT
oF mo A B g M 2 Bz K ooy W N oo Mumme a9 to — o o @ m__.a g T . g
.MOTZ_WU%QW @da%@xﬂﬂﬁo#tl@ﬁ-dﬂo» E;]a . ﬁLNIle]ﬂ:._WMH_ﬂ_Mo
A S T S ST ER S e S
— 0 T o = ~ o el o 3 Nr s X
,@ﬂwgaAﬁEmowz@%%W?ﬂﬁ@AMmﬁx BB T ®E T oo
M7 e T I Egp g AT B R o RN P IR = - S L
B TE O~ =2 P 195} o e NI~ Eo N LE EE <0 . 1§r~_ < il H_wl v _zrd OE < —
h) e & Mo W Bl X o o < o o oK 3 o E.LLlAT Jolo °
T o= oy E % S ok B %ﬂ%&%ﬂmﬂri“ﬂ%ﬁﬂ o ok o [0 , O Mo oy =
Mo T Z2F %% TR ®gz T oo T Ko w4 S Mo E
Mo N e B X LT e RO of O Mmooy DT M
X 5 d.ﬂ7ﬁﬂﬂllﬂ.fﬂo&lie T T .A.:.‘mu&lew_l_uwﬂl qm_”_\%rﬂ}l‘,w Hﬂotmwdl
I R~ 5 TN AN o = B oo BB a0 o Jo My o T ook T &
To %0 B oo ® N TEHET CF TN WE T — T R d R o) W
rdo = B PF |/ RWAFITHTTITFFTN WWTEMHT N M TS Mo E T
THEBTPT F WK AW
= an
I T I
N RN o MmN T
:Tﬂmﬁﬂwmq,}wﬂromoa_oﬂw
1000" R T wir
) %aﬁﬂ‘@mezaﬁé%wﬁ%mﬁ
£z pEMEE e TR
- S5 5 2 E ;T__%Ho_mEM%WMAT%rm
Aﬂ ofhm ) mmATAT ]F;uﬁmﬁﬁoo;le%ofﬂ‘._ﬂ;o,_%
= — WW — = AN AP &lﬂn.:l‘maﬂl ‘_.,mux,wa =T 4
m g Mo [[z]_}@cx_._/u;_._/u JIEL.O ) iﬂaﬂddﬂ =]
5T A A e ST <o U N o o N T2
2 ¢ c EErr s 2N e S N T ! ¥~ 3
AT 9 ~ AT X g g of _ZT.—_ o A,rl i_. ot B Eo — o T o 1rLa .~ E “|§_VL
: =55 &8 = . Phy®g®y I -
F g 2WmET 38 vpowp o R Ak o L o R A
PN ZWEH TIYRT TG MM N R®TT TR A o g S B
BUR T SN ANHE BT RRNT ETERTAR o Bo X T o
W BB AT x T P Mooof oF W K OFT oF o of T oo B o Moo o UE oo
e ce e e e [ DN~ N - — 7o = =) g o
%zﬂlxoiofx_sLA
% om0 N T N o+
£ . rH w W ° o o o L
o3 L N e = 5o E B Nd ST HWRNDTD
= Z Z o o un d B == 35 35 39 ey o Mo % H N OB U oK R

, 2012. 11 / 1017

e

918

H

1

STl ol Qe84 136



68 A & -

O

¥ I, Figure 25 o ZU7ege] A
298 el 2= 39A S
=27.7mm, F¥X S =17.7 mm, WZAIX S,
=22.5mme|3, & Z7|= =°] 170mm, 7IE
203.06mm, Al Z 93.5mmo 2 KSHZd e 97
2 WAL zbz; 12.7mm, 11.6mmE 58 7E9E A

2hgk & 35709 FFEolth

SER)

O
o =2
F Eusy

32

d
{o
9

@ Control panel

@ Air flow con. inverter
(5 Manometer

(D Heater switch

© Temperature sensor
1 Blower

@3 Water tank

Figure 1: Schematic

setup of heat

@ Current & volt meter
@ Temperature controller
® Temperature digit
Wind tunnel

Heat exchanger

@ Water flow con. valve
@ Water flow meter

exchanger

(HH15A) experimental apparatus

Table 1: Specification of experimental apparatus
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AFYHE AAY A2 Az EL A
$3 B HFL §~12kg/min NN Lrxd
BARE B 252 40ColA 65CT7HA 5TH &
g, F/NHEFS 59 74 25 9 FFZA

o

e r g ZEE 10~60mmAq(5.0~12.3m'/s)H $
A 10mmAq¥ A E9] JEF2E ¥
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S
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Components Type Specification 2.2. off Afake
Suction type 0~4 m/s Q7)o gAY SANAE H8l WA Pro-E
: 170170 mm, 2 23 2 397, o] Ansys T2
Wind Tunnel Size & mesh #24 (75%8 mm) : S Loq J_Qﬁo E@ ]:]MJ;; 1€ ; Yy - 2
= & ;
Blower Volume control o7 Ef9 AAYPA, AAXZAF F Flid
control (8m?/min < 30 mmAaq) domain®. 2 AAsd CEXINAE 93] k—eFd
C,=1.115 = = 2127 1
Flow Measuring |04 000 o & AUk AR MYl $3ekE 5
ube - — <
system Manometer (0~200 mmAq) of osle] Bty @2 #e] Wl GRIFFA H
Tank size | 500 400500mm 7 ®7] wWRolth Realizalbe —c FRELL
Water supply Heater é}f%xg) Shih S(11]el 9Js #Atd FFEIZ G2 o}
system _ . _
Flow meter 15~15 I/min A WA HaAy A=dlFze] 94 7]
range ' 22 = Q20 A TUuRaAs Ay ¥
Temperature Pt 10022 & T AR 2AE 2AREAS A 2
Control panel - — d o)t}
Indicator Digital type :
Heat Exchanger | Cross flow | Staggered arrangement o] 714 Realizalbe®] 9v|= dHH=9 Eg g



69

a2 deAs h,d

3

CERLEE

R}
Zl

A2 Y

A7) v}

Z] o)
1w

I

[e]

AA=

]

i

9\;\

27) Apelel

S
©
=hfa
Z,

Il
hH
_\vﬂo
)
—_

o
o
fronl

r
o
s
T o
ok op
o o
o <
o ol
DN
7o
o) o
Ry
S
T w

)

o
oF
ojy
<
o

oF
o

0

(T, —T;)—(T,—T,)

In [(T“ _Ti )/(Tw_ To)]

AT, =

_ umaxD
v

R €D.max

®)

Nh, D AT,

|

E+E A
A 7+

s

A7 FE JolA

o
o Aol

SR
kg
=

O

@

gt

g o]

BE

[e]
=

oe

o|J

©

u
AP = N, ¢ ¢

3)

uOO

St
S;—D

) umax

Sy +D

Sp <

BIgA o wpEA ot

R
L

71 o9} f

ol urIuid

ol
M <
ok m
2]

[

“)

she 347}

H]_EV_

=
=

A A3} Ansys CFX 3144 3

1 (S, +D)/2K

13

9]

7)Mol AR ol

Nusselt<

Canl
o
o

7K

Zhukauskas[1]7} #|¢te A d

el

3=z

B

P erhe e Akehel

Mo

Sl w&

3

of P\
Dmaxpr ( Pl‘w )

m

Nu=FCRe

, 2012. 11 / 1019

1185

Ealls

Lkl Q4] ol 9 8h8) 4 A136

3
i



. 9714 Figure 3(a)2} Figure 3(b

259 542 wasE A9

>I>WJ o

—=

e HAA gonw

=3
8kg/mins 7|FOE

1600]

1400

1200]

Re

1000]

800

600

400 s | s | s | s | s | s | s

o
=y
o
[\
o
w
o
E
o
(2]
o
[=2]
o

70
Manometer AP (mmAgq)

(a) water flow rate 8kg/min

1800,

—o— 40T
1600-| ~©~ 45C
..@..

—= 55T
1400 o goe

1200

Re

1000

800

Manometer AP (mmAq)

(b) water flow rate 12kg/min

Figure 3: Reynolds number variation according to
air flow rate at water temperature change.

1020 / vt A=y o] g 3ts] =] A367 A|8E, 2012. 11

Ash IAXH Aol Ge Fuwe ¥R F
IGAFEA BFLADY YL st F

L3 A7 83ty 1 AFZAE Zhukauskas

EA4S Yeh
=, ol 750 "wetd Hols2Frt 7t
= EA vldEsle 2HS dAYES & 5 2
Atk 53] 20~30mmAq HHAM FAH3] =73t
= olfE HolEEy St wE A¥A4S C om,
ne FHL FH12]e] ©ra tE27] ol AlRE
th dEAOZ FUd IV AolA Eud)
AT B 257t BEFE ¢ 2 EAEEA
< YeEl L itk

30
25
3 20
151
10 " 1 " 1 " 1 " 1 " 1 " 1 "

Manometer AP (mmAq)
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Figure 6: Heat transfer rate variation according to
air flow rate at water temperature change
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Figure 7: Pressure drop variation according to air
flow rate at water temperature change
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