Thermal Design and Numerical Prediction of Heat Transfer for

Hybrid Heat Exchanger
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Transfer for Hybrid Heat Exchanger

Jong-Jin, Park

Department of Refrigeration and Air-conditioning Engineering

Graduate School, Korea Maritime University

Abstract

The aim of the present study to develop the design program of a hybrid

heat exchanger using the ¢ — A/7¢/ method. The design program is
developed for the design to use easily with the help of GUI, menu program
and dialog boxes.

The concept of hybrid heat exchanger is to adopt the merits of both shell
and tube heat exchanger and plate heat exchanger. The plate of hybrid heat
exchanger is pressed in the shape of elliptical dimples.

The correlations of heat transfer and pressure drop for elliptical dimples
are not published. In the present study, the characteristics of the heat
transfer and the fluid flow over the dimpled plate are predicted by using the
Fluent 6.2. A grid system is got by ICEM-CFD using output file parasolid

of 3D modelling of Unigraphics.
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Table 4.1 Constant that is used in turbulence flow model

Table 4.2 Property of water

Table 4.3 Boundary conditions
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Fig 3.7 Rating and sizing output window

Fig.4.1 Coordinate in finite volume method and home about physical @

quantity relationship distribution
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Fig 2.1 Pair plate of Thermal Plate

Fig 2.2 Pack plate of Thermal Plate



Fig 2.3 Core and Flow direction

Fig 2.4 Hybrid Heat Exchanger Assembly



Fig. 2.5 Long Plate of Hybrid Heat Exchanger

Fig. 2.6 Short Plate of Hybrid Heat Exchanger
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Fig 3.1 Hybrid Heat Exchanger Program
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Fig 3.2 Personal information input window
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- Sizing or Rating

= Rating " Sizing
Unit(mm)]
Plate width 216
Plate length 430

Gap 3.16

No. of plates 100
Shell-side Pass |1

’Tl Cancel I
= “I’"J’ 2a

Fig 3.3 Select Rating and Sizing Radio Box

1
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Unit{mm)]
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Plate length 430
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No. of plates 100

Shell-side Pass |1
0K | Cancel |

Fig 3.4 Detailed data input window
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Hybrid Heat
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Inlet conditions
Temperature | 95 Unit ]C Lj Help
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| l _J Cancel
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.0 -
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See property
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Fig 3.5 Hot fluid data input window
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Cancel
Pressure | 1.2 Unit |atm[ahs] _vJ
Flow rate .
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-Calculate outlet condition

Set outlet temperature JI].I]I]

See properties

Fig 3.6 Cold fluid data input window
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Outlet Témperaiurﬁ-n{'ﬂntﬂuid |52-3? [
Qutlet Temperature of Cold Fluid |‘3H-*'5 c
Tube side heat transfer coefficient |1-U“4-9? kealfm2/Ch
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Fig 3.7 Rating and sizing output window
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Table 4.1 Constant that is used in turbulence flow model

Ce 1.44
Cye 1.92
Ch 0.09
o, 1.0
0, 1.3
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4.2 o] 23t WA 2l (Discretization scheme)
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Fig. 4.1 Coordinate in finite volume method and home

about physical @ quantity relationship distribution

Fig 4.2 Modeling of the computational domain
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4.4 Hybrid F3W &
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27, 949 aen gow o)Fold AUtk ¥ WAL 7 AR A8F 7
AzALe A ste] Table 4.391 YEF St
Table 4.2 Property of water
. - Thermal . .
Density Specific Heat Conductivity Viscosity
998.2 kg/m? 4182 J/kg « K 06 W/m e+ K 0.001003 kg/m « s
Table 4.3 Boundary conditions
Turbulence
Momentum eq Energy eq guantities( k €)
Inlet plane 02 ~ 12 m/s 300 C Default
Outlet plane Fully de.v.eloped Fully de.v.eloped Fully dgvgloped
condition condition condition
Symmetry Symmetry
plane condition Symmetry Symmetry

wall Non slip condition 350 C Wall function

B9 9EYYos ¥ dwe] B2 wEol Yatel Aol wAol 44
2 x9N FxAow 4Ads A 22d RE 9w §47 s=24 9w
e A%HL, oBe BE 92 s2/ 0w fAE paH e rud
G5F7b MARA Ak 53 YFol ASHOR wAH FHolnes o
— 31 —



.

A 71

o]

uff of] I
Fig 4.4% Fig 45 E

3 oolge Az A

=
o

oy

27F g s =

o]
T

ol

=

X

oF

bR
<
i

il

)
o

i
)
g
Ao

wr

~
or

s

K
!

b}

Els
A=l

4=
=

d

p2s

5tof of

o

A7k 7}

A

[e]

fu

o

-

b HEE

Fig 4.6
uf of]

-y
a-

W 7))ol

R

%
&

K

ol A

R

™
N

el
olp

%

X4
N2
ol
T

oo

e

_32_



| 2 dojy {A7

=2
=

fa

-1 0
=

o
=

T oo A
y
) - E ol oo L
s o) W e o
z T 5 ® B
A~ No o oF -
nwoE N o= = = & ow
T OE T BOH - & o oo CINC
q ,_ﬂo EO 0 # . E#E /5.\ ﬁE O # m . ‘NE o MW.E
G T iy ) - = ;
—~ ol B2 g ol n! S g KO
N M o 8 - T 8 iy
2 x Lo =W . R T 7 )
N I B = R e D X
L = on = o w0 bl w - ol — =
o A K ol o, i o5 do o “ el
I . o o’ 5 B wg w0
° T W oo P x 2 o » {+ o8 E o
oF 3 # N % T o LS 8 <
) W T on T D ) 0o i) = 3 N 5
— o H._E —_ — B K Q \H—OI r LE ~ @) <
o fopi1 OE ~ orR ﬁﬂ ,UI < ° AE . 2
oo o= ¥ N e 3 s . W o 3 D
: Xk A7 g & D on T B X X
s BT o % T 2 . E @ T E e
ﬂNE —_ ~ —_— “A| e} o — : —_ © o <M mu
BN < r A e ™ 5 e o x X 0 L
-y a o BN = . o A ok L, T T 3
T owoR of o e S = T g2 ) S
< oo X Py om oo 2 oz CRNECRN
wm) o o s T
U B ok W = Mo ® mL T N oo Wo X0 T * A To=
X X ) e o)) o V ﬂAl of uroo s Nk =% [e)
zi O_H S —~ = 2. Q. —_— ﬁE EO ,AO ,LlL 1__/|.A
T (y T o 2 B0 o) % T o~ o
Og — 1 —_ [ Q ~ — _ N ,.:WE ,A\_ o O~H = ui AT o
W 2o . ok 8B 3 R = T y
L © oW X < s R —_ B ) ol
Ma 7 o A= o0 3 gl o T o o oy —
oﬂﬂ&L%Hﬂp_ﬁ SN s XEF arﬂmoau
= %o - i oV & Wm - o s 5" T =
Ee ,ul o og o 0 ‘,AI 1_,.Al, ° S Ee ~ E:u on Mﬂ - AT
o) Zo l_rE ;OE 3 T - S T ,._m_u ! ‘_ﬂv | l <0 o) i
T oW W = S 0 = M 5N 3 R
Ny T o o)) = _ < E il = K
ok B = X _ = b3 ) 0
B o ) T B eyl —= oF
o h CaS < R T w & i
oy i M o N s d| < o)) yro e O B
G oF ® ® X © o oy o O
4 T o ® = o 2 S m @ F Ao
< 5 w ) g w3
© B oo % o o A ¥
S TS E W Ok o0
of 5 < EIC
= W &o

- 33 -



Hohoof WAy

1
s

ol 2 AF9o] AAAI} gho]l Cooperet Usher

1)

0] 0] A

= o
T =2

o)
2R

]

g 7to

I

A

A&

1 9t} Cooperet Usher?]

o =

-y
a-

)

1)

= g vAgRG A yeys AoR Ay "

ol

of

0

!

A kol A] 9]

il

N

r

%
R

A=

o

_34_



3.23e+00

3.07e+00

2.91e+00

2.75e+00

2.58e+00

2.42+00

2.26e+00

2.10e+00

1.94e+00

1.78e+00

1.62e+00

1.46e+00

1.29e+00

1.13e+00

9.71e-01

8.10e-01

6.49e-01

4.87e-01

3.26e-01

1.65-01

3.24e-03

3.23e+00

3.07e+00

2.91e+00

2.75e+00

2.58e+00
2-429*'00%
2.269+00§ﬁ
2.10e+00%
1, 94e+oo;“;ﬁ_.éa‘rﬂ‘“»==‘~ s

1, 786+00“&@%§::

1. 62e+oowﬁﬁl*
1. 46e+oow

1. zge+oo%ﬁ§j§jg’
1, 13e+oow
9.71e-01 W
8.10e-01 i \“‘sﬁ:@%,
6.49¢- 01 ﬂg{%f;&
4.87e-01 e % =
3.26e-01

1.65¢-01

3.24e-03

Fig 4.4 Velocity Vectors over upperwall
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Fig 4.6 Velocity Vectors at Symmetry
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Fig 4.7 Contours of Wall Shear Stress on the upper wall
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p FLOW DIRECTION

Fig. 4.11 Qualitative comparison of local heat transfer coefficient
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