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Study on the Heat Transfer and Pressure Drop Performances of
Large Capacity Plate Heat Exchanger with Snake Pattern
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SYMBOLS

A : heat transfer area of the plate

b : channel spacing

Dy : hydraulic diameter

f : friction factor

G : mass flux

h : heat transfer coefficient

k : thermal conductivity

L : channel length from inlet port to exit port
m : mass flow rate

p . pressure

Q : heat transfer rate

R : heat transfer resistance of the wall
t . thickness of plate

T : temperature

U : overall heat transfer coefficient

u : velocity

w : channel width of the plate

GREEK SYMBOLS

Ap
AT

: pressure drop
: temperature difference
: viscosity

: density

[m’]
[m]
[m]

[kg/m*s]
[W/m*K]
[W/mK]

[kg/s]
[MPa]
[W]
[K/W]
[m]

[C]
[W/m™K]
[m/s]

[m]

[Pa]
[C]
[Pa:s]
[kg/m’]



DIMENSIONLESS NUMBER

Nu : Nusselt number

Pr : Prandtl number

Re : Reynolds number

SUBSCRIPTS

ave : average

¢, h . at cold side and hot side of the test section
exp : experiment

f . friction

1, O . at inlet and outlet of test section

m : average value between the inlet and outlet
w : water

wall : wall
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Study on the Heat Transfer and Pressure Drop Performances
of Large Capacity Plate Heat Exchanger with Snake Pattern

Myung-kook, Yang

Department of Refrigeration & Air—-Conditioning Engineering
Graduate School of

Korea Maritime University

Abstract

In this study, the performance of plate heat exchanger with snake
pattern that is expected to occur more turbulent than the conventional
herringbone pattern was investigated.

Generally, there are three kinds of plate heat exchanger types, H, M,
L. H type consists of heat transfer plate with 120° chevron angle, L
type with 60° and M is a mixed type with H and L types.

First, computational fluid dynamics(CFD) analysis were used to predict
the heat transfer and pressure drop characteristics of each plate heat
exchanger with snake and herringbone patterns, and then experiments were
carried out to find out performance data of H, L M-type. Finally, the
performance of plate heat exchangers with snake pattern was compared
with that of the conventional plate heat exchangers with herringbone
pattern.

The heat transfer performance of snake pattern is about 10% higher than
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that of herringbone pattern in the CFD analysis, but in the actual
experiments, 15% higher. The pressure drop of snake pattern is about 5%
higher than that of herringbone pattern in the CFD analysis, but in the

actual experiments, 8% higher.
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Table 1.1 Comparison of Plate heat exchanger and Shell & tube heat exchanger

NO | 73 PLATE HEAT EXCHANGER SHELL & TUBE HEAT EXCHANGER
D) frAe] Sl Aol WA, Wi gl o] = )
o) e AAE Agetm ggy | D B8 A THA mE S A
° o el o] Fo] Folx.
A7F d = - susH, A 5ol Al 4HS
- Stainless Steel, Titaniu_m, Nickel, o} é}u 2 A=) Ro] ol
Nickel alloy 5 TFFgH B
1| A v e . o | 2 TRTE F9E SAfsmE A WY
2) %Z_]— ?ﬂoﬂxﬂ—ﬁ‘olgi P—ZH%.EC:]O] gj\'ﬁ‘ 7]"—3‘/‘6101 9\}]\%
3) AHE =:=9t hEe] Aljte] Sl&.
- Max. working temp. : -25 ~ +200 C .
A LT olgj'o Z zﬂ—o Ao 04%.
- Max. working press. : 25 kg/cm2 3) A Sh =) Aol A9l §l
- Max. test press. : 37.5 kg/cm2
= . - 1) &4=E8r o] A(Shel)¥ FH
1) AE3Hplate)S ‘- carrying bar®} 3} ) ];Eo | el EE(H e}\)j o
o A S oF © HE(tube bundle), FH A]E(tube sheet),
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o 3 . 2, 3 (Tube pitch ratio = 1.5 7]5%)
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T s m - s W4 Tube O/D : 13 mm, 132 mm’
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e 223}
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6) 7+~ (gasket) E 7 H K (plate) 1A 6 TTOJQ} N =21 o Vj] -
xreto] a1 7heral 2}2(Grooving expansion)ol] 2]3
Aol A ae SERPEEPVIASED
) Qugk §85 Fol7] flal dushy|
D 483 G 2 o ad=2 FiE Aol thsle] ] =5(dead zone)©]
e BHOE A% ANl AAWA | RS Qolop Shl, AFud
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3) gk gelA vl -3k
- 2% %A (Temp. Approach) : 1T

- ZEGH DA (overall heat transfer coeff))
: 2,000 ~ 4,000kcal/m’h- ‘C(Water/Water)
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= )

- LA HADAS(overall heat transfer coeff)
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6) A< H(plate)] =¥ (pattern)ol] e}
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Table 1.2 Preview of study on the Plate Heat Exchanger
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Table 1.3 Correlation of study on the Plate Heat Exchanger

Investigator(s)

Correlation

Condition

Bounopane et al.

N = (0.2536 ReV-®Ppr 04

Marriott N = 0.374 Re0-68 P 038
_ 2.5 Working fluid
Cooper f= Re03 : water to water
fe {1.2575+188.75/Re 90< Re< 150
6.7Re ~ -2 400< Re<16, 000
Chevron angle
1.89Re " Pr 12 20< Re< 150 B=60°
Nu= |0.57Re""Pr 1 150< Re<150
1.12Re"“Pr '* 600< Re< 16, 000
Focke et al.

. {0.3025+91.75/Re 150 < Re< 1800
1.46Re 0177 1800< Re< 30, 000

1.67Re"4“Pr 2 45¢ Re< 300
0.405Re " "Pr 12 300< Re< 2000
1.12Re 5Pr 12 2000 < Re< 20, 000

Nz =

Chevron angle
B=45°

Bogaert & Bolcs

n

Wy

0C(RX20 B,=0.4621, B,=0.4621
Re=2) B,=1730, B,=0
N<Re<50 B, =0.0875, B,=1
Re=50) B,=1.70, B,=0
50<Re<8) B,=0.4223, B,=0.6012
Re=8) B,=5%, B,=0
80< Re B, =0.26347, B,=0.7152

NuzBlReBZPﬁl‘e(ﬁm)( ) -

Muley & Manglik

E3 I

N = 0-44< 6[3)0'38]2@0'5Pr§(—u)0'14
for 30£Rwe£400

Chevron angle

1/6<B< n/3

(0.2668 —0.0006967x1808/m)
+7.244%10 °(1808/7) 2
20.7803 —50.93720 +41.1585 2
—10.1507¢ ®
P [0.78+0.0543sin48 + 3.0 py 1/3(_11_) 0.14
My
for Re=1000

N = (

Chevron angle

1/6<B< /3
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Yan & Lin

Nu = 0.2121 Re" Py /3

Single phase

flow
kD, 041 1/3 Condensation
Nu = z, = 4.118 Re';; Pr R-134a
hrDh —1/3 1,05 ,—0.3
( , )P“ ke B o
=1.9% ke, Boiling
R-134a

for 2000 < Re,,,< 10000

_15_




Al 2 A ol

2.1.1 €AY A AHF

|
=

2l

T % Wilson plot BHS A}

ﬂ_

-

o
pi

o] A

=4

o] Farrell 5

i

7] wE

|

AR

le;

Shah®} Wanniarachchi”} A

A7

25}

&+

A

(1)

e @A, pe 2

w>b

19} vt} o]

o] ]
G oz AolH gebd dHolExit o

1

s

1714, b

o
o)

O

K
N

op

)
€)

[Ns/m’]e] 3L, G

PN
T

A

Z]
“

ui

GD,
3} ol

[e)

=]

TS5 [m/s],

pD,u
< HERHH o

]

hyz

-
u—

Re =
A ) 3
LI [kg/m],
o) Agas

Bl

15
=<

1714, p
ST

e
oF

[kg/s]°] T}

_16_



(4)

o3} ol

=

o}

1

s

3} gol 8

o

=]

o}

[e)

=

Al (overall heat transfer coefficient)

(bulk velocity)

o
=

R i

o

D AF e Tt = il
=3 o
L B
T n
o Mo
T
B Mm o)
B om al
oo )
= =
T
_L _ZTE N —
b SE ¢ s 8
— d S 5
£ £ 3 g & &5 7
S| w a1 oy
<< oﬁ_ ® ey o 3 xr
: T § g
< I . 5 E =
! = = [ i
2 X
= M < < )
GRS 3
<y Iy Ho
o) —~
@) o)
oy w m Ar
G B3 R
< = 0
- — X
W ﬂ
W T o i
B ~ B {+
B T O o}/

)

A &

1

s

+R
haAa hrAt v
- 17 -

(A

1 =74 % Wilson plot = A}-&3}

3|

3]

S

?‘

=

=

hw,h®} hw,c



on] Nusselt 0 )3 £AL AAa] Sla) o 2 Aol aFH

o

0.11
Nu= CRe"Pr 1/3(11—”) (10)

dAGA gl sl 7] Y8l A (10)3F 2 (9)o HYsa,
T fom T "
U

+A(”w;H%;WfR

w

7
D

ADelA & Dy, FTEF@m)I FAZET)S 374 F3rbs ¢dal lom, A

2]
T Co HolE=T9 AT me €A stk 4% Wilson plot M-S Al

_18_



2. °
12 ¢4E73s A4

(12)

s
E F [e)
c QAN B4
o =

km
[
=
>
Lo
o,
)
N
_OL
rlr
o
=N
km
[
1p
=
fr
-z

Ap, . =
ot = 1.5(1) uj’z"”z)
(13)
A
f= Jed oS3
o a

S e
(14)

_19_



2.2 CFD 3|4 o|&

2.2.1 A a2

<
ﬂAvO
~

HO

A4r
B

(15)

(16)

Gp_l_

ox:

d

(bis) + - (oue)

ot

3} 2o,

KeN
=

oo

91 4] T

E
piid

T

A71A, &

(17)

(18)

B

ro
%ﬂ

et

il

glo]E=7F 100 ©]do]

A <)

o
T

25}

-
s

W £ (turbulent velocity) @t Wi 5/ o] (length scale)® A% & o] 4|

N
EA

Gl
iy

<

fzel

jand

5 @l (semi-empirical) Z A,

_20_



(19)

)—I—Gk—pe

U, ok

0, ox;

1
ox;

U, ge
0, Ox;

~

(o uzk)

0
ox;

(pk) +

0

ot

(20)

2
) + Ck% Gk o sp%

|

0
ox;

(o uz.g) =

0
ox;

Kl
at(DS)-%

21)

5

o

e o]

1
s

54% Ueh

o selshA
] o)

v}

SIREISISENSCE

275

8
A
<

SE

I
<
-2
I

Qe

3} 2,

KeN
=]

j-factor= ERH™ o}

=
=

L

3
pul

(23)



3} g,

f= Yepid o

Q1 vhEA %

94

[e) =
AZ F

L

24)

_22_



o

1=
T

7} HEE7Z}(High ©, Mixed ©, Low 0)2] W 3g}o] ujz} o

o
ifat

N

o)
=
B

3|

X

3.1.1 =AY 73

Tod

0|
.

(3) el A2

o

o
o]
.60

jpace]

o

T
N

3.1.2 AA

2212 (m/s) 2]

[N

of

-

TR

(25)

_23_



57 <]

T

L
Uit

D)),

ZZ(no slip condition) ¥ Neumann® 73 7A%

=k
21

i

=470, st Adwe] el
]

ER-E RS

A

=
T

)

hds
&

ol 1 £

il

A71A, 1
e

4

B3
o
olo
®
oj
X

(26)

Adwe sus 3049 AdoH, F7

—_
"o

g

e}
—_
file)

27)

gt

T

A

3.1.3 X3

£ A8 5 =9l FLUENT 62 A}

J

A
ax

J

3| 412 SIMPLE (Semi-Implicit Method for Pressure- Linked
— 24 —

Equations) ¢



e
)
O l
o
o
i
o
=
=
%
&
25|
&
el
O
rr

Fig. 3.1& FA 3|40 A1835 72+ A
71€ SR Y] ddelal, Fig 3.1(b)e 2ulela el ddztoltt 4
AL stEdoje AR Qe dAde] dRETS st 1 FE
& stetatat stglom, ML Fig 320 YR 471 7k 500m
xA 2 210me]™ AA= tetra meshS ARESFe] oF 3407 7HE A BT
FAEHA 2A0L Asd vet o] 7 = 2= 30T, Hd
on, JPRFALEE 5%, dolm=s W 2500 ~ 450005 it

o
T
7 (hydraulic diameter)> Shah®} Wanniarachchi®”7} A oF3k 218 A}-g-&} it}

_25_



(b) Snake pattern

Fig. 3.1 Photograph of heat transfer plates
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Fig. 3.2 Schematic Modeling of plate heat exchanger
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(a)Herringbone pattern, high ©

(b)Herringbone pattern, mixed O

(c)Herringbone pattern, low ©

Fig. 3.3 CFD analysis of heat transfer of herringbone pattern
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(c)Herringbone pattern, low ©

Fig. 3.4 CFD analysis of pressure drop of herringbone pattern
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(c)Snake pattern, Low ©

Fig. 3.5 CFD analysis of heat transfer of snake pattern
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(a)Snake pattern, high ©
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(c)Snake pattern, Low ©

Fig. 3.6 CFD analysis of pressure drop of snake pattern
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Table 3.1 CFD analysis of heat transfer coefficient

Unit : W/m?K
Reynolds number
Type
2500 2900 3300 3700 4100 4500
high © 8189 8840 9833 10419 11093 12337
Herring
bone mixed © 7122 7490 8243 8524 8901 9890
pattern
Low © 3904 4157 4750 4998 5332 6233
high 6 8988 9933 10837 11710 12548 13374
Snake .
mixed © 7777 8429 9034 9605 10144 11165
pattern
Low © 4226 4730 5217 5687 6147 6592

_33_




Table 3.2 CFD analysis of pressure drop

Unit : kgi/cm?

Reynolds number

Type

2500 2900 3300 3700 4100 4500
high © 0.69 0.87 1.07 1.26 1.43 1.55

Herring
bone mixed © 0.27 0.35 0.46 0.55 0.63 0.69

pattern
Low © 0.13 0.17 0.22 0.27 0.32 0.36
high © 0.75 0.95 1.16 1.37 1.55 1.69

Snake .

mixed © 0.29 0.38 0.51 0.60 0.68 0.75

pattern
Low © 0.14 0.19 0.24 0.29 0.35 0.39
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Fig. 3.7 CFD analysis data of j-factor
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Fig. 3.8 CFD analysis data of f-factor
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F : Flow Meter coo“ng
T : Temperature indicator Tower
P : Pressure indicator

Cold

Heat Water
Exchanger Cooler

Hot water
heater

s

Boiler
Water Boiler
Tank

Computer DAQ

Fig. 4.1 Schematic diagram of experiment system
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_40_



U
A
K
oy
!
oot

btk
3} o]

1

<]

Y

ted T+ 2dle]a AP dusy)

A= AB

°

P

=

s

T4 % Wilson plot WH S

-

431 €4 A8 A

Fig. 4.3
o] YolE=g9 M EEZN(High > Mixed > Low)ol| 1}

Az 5,500(H 7% 0.65 m/s)

FE 3,000 ~ 8,0007FA/ (W45 0.4 ~ 0.9 my/s) H3A A7 A A
EFUIaL Yk Fig. 43904 & 4

o
e
B

5H3
o=

°

=7t e 3

1

BA

FA1717] wiZolth.  H-typeg 7|5
Z

A
o

6(}:

T WREALAT7E F 47% A= Ha

AyX
o

1

3]

tgdth. M-typee] 7% H-typed} L-type?] Zgol

7] W&ol FddgA 7t H-typedt L-typeé] F3t

°

2 L-type& H-typeo] H]
, M-type& 21% Z4&

o

ar

s
o

=
__o_o
M
)

70
_Lmo
O

T

BTt LA

&

2 H-type¥} L-type] 3t
Aol vEbgTh Fig. 439149 o] M-typee] 7%

e
)

el

3

[e)

PN
s

e ol

=

Lhehuy
Fat glo)
o)

=

=

ATh H=3F Fig. 4.3 4

_41_

Aow Ve,

(U, overall heat transfer coefficient)2] 2}

-
R

=13
PN
T

17} 4 & High, Mixed, Low © 25, A|H &

(e]

=

=
fis

60]:

EERI A= ]

[¢]

o

iR
=

[€)

==

= Low 69
AT} Fig. 439 v}
% Fig. 439 0

Fig. 4.4

PN
T

1
1=

2

al

kel



=

bl

M-type, L-type 0|t} o]

o)
el

)

S

LEbd

=

o

AHAGAGE H-type, M-type, L-type <=
I, Fig. 4.4 & vERh QlTh

d|

S
=

O
N

B

B
file)

B

el
Jjo

O
w

24ylol A
A B2 Zto| u}e}

j-factor® LFERIRLTE, 2] 8 4ol A =

A%E

o 3k
W Eo] oF 10% AE A vElgon, AA A

Aol M=

5
T 15% A% =4 YEbstth Fig 4.7

Yjol =

KeN
= =

3

3z

Tk 2pol7h UAAIRE A

o
=
o
=y

o]

==
o

E
110

,mmé

pat

T
i3

el

i
o

—

0

o
B
B

o
ﬂo

_42_



Heat transfer coefficient [W/m?C]
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Fig. 4.3 Experimental data of heat transfer coefficient
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U, overall heat transfer coefficient [W/m2°C]
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Fig. 4.4 Experimental data of overall heat transfer coefficient
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Fig. 4.5 The performance experiment of herringbone pattern plate heat exchanger
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Fig. 4.6 Experimental data of j-factor
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Fig. 4.7 Experimental data and CFD analysis
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Pressure drop [kg/cmz]
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Fig. 4.8 Experimental data of pressure drop
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