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Abstract : In this study, a hybrid multi-stage vacuum membrane distillation seawater desalination system
utilizing a heat pump with a low global warming potential refrigerant was designed, and its performance
was analyzed through simulation. To develop the simulation model, the comprehensive study was conducted,
including the design of the heat pump cycle and multi-stage vacuum membrane distillation seawater
desalination system, numerical modeling, and model validation using experimental data. The permeate flux
predicted by the developed numerical model showed good agreement with experimental data, with an error
margin within 5%. Using the validated numerical model, a system capable of producing 200 kg/h of
freshwater was designed by arranging 50 commercial hydrophobic hollow fiber membrane modules
(MD020CP2N, MYCRODYN) in parallel. The energy consumption of the compresssor of the heat pump's
was 19.81 kW, and the cooling and heating coefficient of performances of the heat pump were 7.309 and
6.309, respectively.
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Refrigerant, Simulation

* o] A Z(http://orcid.org/0000-0001-6005-4279) : = AL *+ Jung-Gil Lee(http://orcid.org/0000-0001-6005-4279) : Principle
9], FEAYA| S AT Y Aoy R A LR Researcher, Industrial Energy R&D Department, Korea Institute

o . of Industrial Technology.
E-mail : jglee@kitech.rekr, Tel : 041-589-8325 dustr :
mail : jglee@kitech.re.kr, Te E-mail : jglee@kitech.rekr, Tel : 041-589-8325

32 SYAARZOIOIX] H283 XM5Z, 2024E 10


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2024.28.5.032&domain=https://kspse.org/&uri_scheme=http:&cm_version=v1.5

M

R

K

0

: U [kg/m’]

0

cEEE [

[kg/mzs pal

A
: H]Y [J/molK]

-

__A_u
1o

Cp

74 [m]

NI
B

&

dh

o BN
o N Ee
w BT O
o
g =
B &
mmm#w
ﬁoﬁo[%%
T AR o ok
T 7o AF
Ho Fo Ui mE =
No No o T W
g 35 5 2 -

A= [W/mK]

-

__A_“_
<0

-
4

o

[g/mol]

o
B

M

t oAM= [m]

t o171 A [J/mol K]

GRS

¥ X S
¥ = o
R T
N Mo or &
N g ot B
W EH 2
SN R
-
._m._uuduF
T o 3
Lu,ﬂ&_mw

il

mﬂgo%w
}ﬂvAﬂo_uW,
FoE R E
Mo < M

oo W
o %
LW E
Howe mh 4
o) X mu oF
= B % >

T7F AAF 2 oF 24

3,000 0] o5 Aoz A

;2 2139 [m¥mol]

(LA A

3]

3]
Sa |

: 18= Zo] [m]

N

A

)
oo

e

ofth. A AA Y AES F oF 97%7}

: Nusselt number [-]

Nu

3

et

oF 712 Al 22 A AL ARl A

Mol g A%

e
)
o

3

=
o

1o
EE

e

: Prandtl number [-]

Pr

A<
e

&

: Reynolds number [-]

Re

o
<

NI

ol
~

dg|A 22X}

Ao} @) We) WojRe =

e

ar

el

X
Ho

1o

gt 7les 24 € +

o

)

vl

N
Ho

1o
B

o)
=
=]

<0
Ho

o)

: Yas angle [°]

FH(MSF, Multi-Stage Flash)ut tt5 a8

& A= [Pas]

1o

33

SHA AT UG X] H283 H5XZ, 2024'H 10E



Low GWP Hof 7|gt

|'II
™
OH
2

£

i of
o
rir 9 tlo

Reverse Osmosis)©]
uhg BEIAA &3

= N g8 ol ffr HME HoaZ

J
e
=

o 0B

oZ o
R
oY

!

IS

:%
I
[e]
™~
i

o]
R
~

)

%
B
o2
il
w
W
EN
N
AN
and lo
o H
w
o
£

N
—_

£ o v o ol
N
o},i_‘

4 4r
b

A9, IO Yiw &
27t ehepolet. o
Ze sAzEY de &

429 dlegast A2

2% 7]71%= A3 2 (Stand
alone) 0. &2 AMEE7|Hrth= oA &&S ilest
of Hd, AR 2eja Al LEE oY
A 71719k8] AA7E B4 oln, ofo thgt A7}

AYE 1 gk A nEE A7/ =
o o3k wyol A&HoR Frksta gk o
Agk gASA T gt Yo FAR s GWP A
S7b e Qg AgStE SERE AAwe

A%3 07 Auksfop ek

Mericq et al.(2011)2 g 7|vt AF oF &7
Aol st d5 H7F dFE RIES 7§te
2 AgPstrt? Xing et al.(2017)2 A AHA
AR oFES YA Bl AT o FRD

Aol =3t 88 HEAstgrt” Sarbatly and

34 SHAA-ZUYX] H283 M52, 2024'H 10&

o
qu
gg
P
o
4
o

O
s

1= e

i-ﬂ
>
N
12
)

( m_‘OLI
& 4

2 o ug
oo P

ot o g |m
B

Q
o
=
ol
filo
Shs
>

. 1& Low GWP U*UH 7|HF S| EHIZ AH
§]_ /\]AE“H_,] 7]-]31:50]
Zutg

St 3l

T 5

2~
Sy



0z
[N

Vacuum |
V:
acuum - tank Cold trap
Pump
/ VMD
t s .
; . I : module #1 .
L (]
Freshwater - ‘ . : . |
Circulation _Sub H/XI—r\
Pump Q Receiver T VMD
Expansion module #n
valve N 7\ ~
4 =
Circulation
Evaporator Pump
Condenser
] | I Seawater Brine
Intake discharge
Low GWP Ref. Compressor Circulation
: Pump

Fig. 1 Schematic of Low GWP refrigerant based heat pump hybrid multi vacuum membrane distillation

seawater desalination system
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Table 1 Properties of module (MD020CP2N)

Hollow fiber membrane module
Length of fibers (L, m) 0.47
Shell diameter (ds, m) 0.025
Number of fibers (N) 40
Inner diameter of fibers

1.8

(dia Innl)

Outer diameter of fibers

2.6

(do, mm)
Effective area (m?) 0.15
Membrane thickness (8 m, mm) 0.4
Porosity (%) 70
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Fig. 2 Schematic of heat and mass transfer during

vacuum membrane distillation'"
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2 Properties of Multi Stage VMD seawater

desalination system

Multi stage VMD seawater desalination system
Total Freshwater production 200 kg/h
Required number of module 50 EA

Outlet feed temperature 60.25C
Heating energy consumption 125 kW
Cooling Energy consumption 125 kW
Intake seawater temperature 27C
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