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A numerical study on heat transfer and pressure drop of plate heat exchanger using at

seawater air conditioning with the variation of channel spaces
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Abstract: Plate heat exchanger is being applied in the field of marine plants and chemical industry, such as
OTEC and SWAC equipment. The study aims to interpret the heat transfer and pressure drop characteristics
of plate heat exchangers to determine the geometric design parameters such as the channel space. In this
study, heat transfer performance was numerically studied with respect to the variation of channel spaces. The
results from numerical analysis indicated that the j factor was linearly decreased with the flowrate of seawater
over every cases. As the flowrate of water increased with respect to channel spaces, the j factor decreased
linearly. And the f factor decreased linearly with the increase of flowrate. When the channel space is 2.8~3.2
mm and 3.2~3.2 mm, respectively, the area goodness factor of plate heat exchanger showed the highest
performance.
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Table 1 : Numerical analysis conditions
Parameter Conditions
Water inlet temperature
3 14.5
(©)
Seawater inlet
temperature 7
(©)
Seawater inlet flow rate
0.77
(kg/s)
Water inlet flow rate 0.65, 0.72, 0.8,
(kg/s) 0.88, 0.97
Channel space
24,28, 32
(mm)
Plate material Titanium
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Table 2 : Channel spaces for numerical analysis
of PHE

176

seawater
water channel
Item channel
space(mm)
space(mm)
2.4-2.4 2.4 2.4
24-2.8 2.4 2.8
2.4-3.2 2.4 32
2.8-2.8 2.8 2.8
2.8-3.2 2.8 32
3.2-3.2 32 32
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Figure 1 : Schematic diagram of PHE.

Figure 2 : Modeling diagram of PHE.

706



9 iy Oy
Barj[u( ox; 81) (puzu,)}

9 (pe. Tuy = 2 (= k2L 4 pe u T) 3)
Y ox, v

A 9 gEAsH A AHgE BAAAE
7oA FA BEAA el gl HAas A
sgith tee BN GAY AL 5
oF57] A4 A8 j factore] B ejolc)

b s Nuepr B
J Gec Re @)

Ap
f=— 5
i1, ®

D, 2
4 @9 (= 27 GAY 9 el B
gl olm, 42 olgate] 4 @ £
T 5 Ak 4 @ ADYE GAPse) J

A% vehd Ao},

Area goodness faCtOI:% 6)

s
N
rlo

2 (6)2] Fkol AA
Aes YeERd = ues AL oui)

(4)9} 5)9] j factor 9} f factors ©]-8-3}
AEHGITE ofol Uit ATEA, -4 B3
719] A9 B8-S YERNE j factorel] Wigt A}

sharutA QiR o] g ek3] 2] A 38 Al 635(2014. 7)

E o3t 2ol YERIT
Figure 3-> #g4nglr]o] E&3} 45 Ald
A st W2 B39 j factors H]n3E Zloth
ol ThE ATzt AFATeIE v A
LFERH ATHS]. Figure 30278, 2 Ajd 3124
2 559 f§Fo] S7Hgel wet j factor gho] A
FHOE 7AaFTS & F AUAE ol {FHE F
TIPS GRE SUAIA Re ghel F7FIS7
ol gk AditA o] YolA4E | factor 4k

]

#4Q1 Re gkol

ol Nugh=
ool AFNRNE, HE A FE7A
g 7+Ao] 2424

@]9
ol Vg we

S 3L 1

0.00040

L
j factor®] &t

g
=

Ao Vet

24-24

0.00038
0.00036
0.00034
0.00032
0.00030
0.00028
0.00026
0.00024
0.00022

j factor

0.00020
0.60

Figure 3

065 070 0.75 080 085 090 095 1.00
flow rate(kg/s)

. j factor vs. channel space according to

flow rate(water side)

Figure 4+
b7 W st

o|t}. Figure 404 & 4= 15%o], BE §

dFAwgr e 53 S A
nE 559 j factors YL A
e A

=4
g rAC A 85 o] Z71EE j factor %ol

}daﬂx% o v_7]_f1ij

ATk o= EE A

tlo
.
B

PH o= 2718

©
rrﬂ-‘%o]c}_ Figure 37} UP{UW , I

Z0] 24~24 mm¥
FAE eI

3f|5=2] j factor

707



Woke Ay dwstr)e Ad 7H4
EAS f factorS ©|-&3}

, ool vg Asp= o

%
offl

my 2>

o & 1%
S

4o |o
2
=
a3
E
[9)]
rlr
e
oft
g
=]
Moo

A Wslel] mE 25

oo N
o ft . o

5 2 O >~
Aoz 7taslgm, AFrdoe] WEaEE ol
[e) 2= 1o O o = S e -
= % F Utk ol 7S TS dET
Z}+= v A 5 = 5=
A= AXAR, HaEE =g A F71EHS
=]
7] wjoct
—e— 2424
O 2.4-2.8
——~v—— 2432
——a—. 2828
—=— 2832
0.00040 ——o-— 3232
0.00038 |
0.00036 |
0.00034 |
_ 0.00032 |
s
3 0.00030 |
~ 0.00028
000026 L, - ———o——— =0
0.00024 |
0.00022 |
0.00020 ‘

060 065 070 0.75 0.80 085 090 095 1.00

flow rate(kg/s)

Figure 4 : j factor vs. channel space according to

flow rate(seawater side)

 B=9 f factor’} 7MY &
3, 24~3.6 mm & W 7P 2
ol & F9 AMditAel AerE
Figure 62> 33 A ug7]9

7HA Wsle]| 2 35=9) Gk wWE f factor

W3 Ukl 3 i) Figure 60 21 E, £ gk 7]
o Qgsgen, Aue] FL4% £ e 7
e o & asln

QoA AR wieh ol A g By
wEr)e) dddt e gs S Az Ay
AR s 548 7R meb ol o
& B4 4 ©2 olgdtel duingt

jlif factor

Fi

ac

Ho
o,
o,
b

2
fol

0.00040 —e— 2424
o 24-28
0.00038 —— % —— 24-32
0.00036 | —A—e 2.8-2.8
—=— 2832
0.00034 | o _ 3939
_ 0.00032
g
§ 0.00030 1
“0.00028 |
0.00026 |
0.00024 |
0.00022 |
0.00020 : : : : : : :
060 065 070 075 080 085 090 095 1.00

flow rate(kg/s)
Figure 5 : f factor vs. channel space according to

flow rate(water side)

—e— 24-24
o 24238
——w—— 2432
——a—-- 2828
—-=— 2832
0.00040 ——o0-— 3232
0.00038
0.00036 |
0.00034
_ 0.00032 -
S
§ 0.00030
*~ 0.00028 |
0.00026 |
0.00024
0.00022
0.00020 :

0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
flow rate(kg/s)

Figure 6 : f factor vs. channel space according to

mass flow(seawater)

—e— 2424
o 24-2.8
0.0050 ——v-— 24-32
——a—- 2828
0.0045 | =—— j—::— ggg;
. O-_ "~ —®m_ i
T IR =
__ —h =
0.0040 e =0
T \'\\‘-\\_*““
00035} ° oI A —e - 7
0]
0.0030 f
00025 T e o,
0.0020

060 0.65 070 0.75 0.80 0.85 0.90 0.95 1.00
flow rate(kg/s)

gure 7 j factor/f factor vs. channel space

cording to mass flow(seawater+water)

708



Ad 4 dgtel] mE sjeddtg 4y dudy)

A sl e =53 deSe Fel wE
area goodness factor #t= YERW A o]t} Figure 7
BHE & Qo] B3 g ol St
= area goodness factor ¢k APHo 2 A4
om, 2832 mm9} 3.2~3.2 mmelAl 7HE -
s YERSlTh o] 7 e A A 2L

WAoR U8 09 4 e
[e)

30, 2
e e

Lo R
2,
=
i
2
e
oX,
olf
SE
EO
= oY

)
i
oo
Py
ot
o X
Nt [o
fo o B X 4

o|X fr
N
B 3 o
ol ;\JI?, tlo

=
w2kz]e] Ad

TED
;H& AV,
ko
o il
&
534
e e
ISOR -
i 2y _Q
in S o
ox
o
o

il
B\
=)
d
=)
B
N
)
)
fu

W FEEE
i 2 a2
ey H

L2 oy

B Jo -

M _|H<[

» F o

= S
oo

G
w2

us)
%
mloH1>J

_LL.4
jﬁ%”n\o%

g o g
t’rl o I
Bl
o 2 32 S oF

10§;3-o

fetl

iz &
[
v
AU
:‘Og‘
Ho
ol
o

2
3@
T o
.
i)
K
,
ot =~
ilieH
=
(ot
N
lo
:%‘ﬁ

1o,
pa
rlo
olN
N
o
4t
i

ctor

.
)
o

o Ek‘}l
o
-
S
-
=

12
&
gt
A
o,
A
e
i)
N
N
ol
ol
[
2,
o
off N o

of
i)
2
it
=
QL
38
o
=)
rr
2
=
g 4
o,

{0

}_

, area goodness factor

° o Kl
ne o
)
32
o

hal
|
30 (o

o
N

B ATE s
o] o= o] §71%
o FHAF=HL T,

e
Ly
N —_
oL
R
::1' o,
of ol
e, rlr
£ g
o =
OO
£ =
i{ Olll
e

ZuEd
[1] W. W. Focke, J. Zachariades, and I. Oliver,

“The effect of the corrugation inclination angle

skt d A Yol P a3 A Al 38 Al 65(2014. 7)

o GAus el W FAHH A7

on the thermohydraulic performance of plate
heat exchanger,” International Journal of the
Heat Mass Transfer, vol. 28, no. 8, pp.
1469-1479, 1985.

[2] A. K. Dwivedi and S. K. Das, “Dynamics of
plate heat exchangers subject to flow variations”,
International Journal of Heat and Mass Transfer
50, vol. 50, no. 13-14, pp. 2733-2743, 2007.

[31 G. M. Zhang, M. C. Tian, “Simulation and
analysis of flow pattern in cross-corrugated plate
heat exchangers”, Jourmnal of Hydrodynamics,
vol. 18, no. 5, pp. 547-551, 2006.

[4] M. Vera, A. Linan, “Laminar counterflow paral-
lel-plate heat exchangers: Exact and approximate
solutions”, International Journal of Heat and
Mass Transfer 53, vol. 53, no. 21-22, pp.
4885-4898, 2010.

[5]1 J. H. Park, Y. S. Kim, “Study on evaporation
heat transfer of R-134a, R-407C, and R-410A
in the oblong shell and plate heat exchanger”,
Korean Journal of  Air-Conditioning and
Refrigeration
845-855, 2010.

[6] O. K. Kwon, D. A. Cha, J. H Yun, and H. S.

Kim, ‘“Performance evaluation of plate heat ex-

Engineering, vol. 16, no. 9, pp.

changer with chevron angle variation,” Transactions
of the Korean Society of Mechanical Engineers
B, vol. 33, no. 7, pp. 520-526, 2009.

[71 J. H. Moh, “Investigation of flow and heat
transfer characteristics of plate heat exchanger
taking into account entrance effects and varia-
tion in corrugation height,” Transactions of the
Korean Society of Mechanical Engineers B,
vol. 34, no. 11, pp. 965- 973, 2010.

[8] S. S. Kim, S. H. Hwang, H. S. Chung, and H.
M. Jeong, “A study on heat transfer and pres-
sure drop characteristics in plate heat exchanger
with cifferent chevron phenomenon”, Proceedings
of the Korean Society of Mechanical Engineers
Autumn Annual Conference, pp. 2395-2398, 2010.

709





