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Design and Performance Evaluation of Heat Pump Hybrid Multi
Vacuum Membrane Distillation Seawater Desalination System for
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ABSTRACT

A Hybrid heat pump and vacuum membrane distillation seawater desalination system for water welfare in remote areas was
designed, and its theoretical performance evaluation was conducted including the heat pump cycle simulation. A vacuum
membrane distillation process was selected as a proper process of small-scale seawater desalination process due to its possibility
of low footprint and low heat loss compared with other configurations of the membrane distillation process. The vacuum
membrane distillation process requires hot and cold thermal energy, simultaneously to heat the feed solution (seawater) and to
cool down the temperature of the cold trap in a vacuum tank. The heat pump as a thermal energy supply device that can supply
hot and cold thermal energy, simultaneously, with high energy efficiency was chosen. In addition, the R1233zd(E) which is a
low GWP refrigerant was selected as a working fluid in the heat pump system.

In this study, a comprehensive study was conducted such as system design and theoretical modeling, model validation with
experimental data, performance evaluation of fresh water production, specific energy consumption, and coefficient of
performance (COP) in the heat pump. The theoretical model for vacuum membrane distillation was well matched with
experimental data within 5% of error. The current suggested heat pump hybrid multi-stage vacuum membrane system which
was configured as the ten commercial hydrophobic hollow fiber membrane modules (MD020CP2N (MYCRODYN)) in parallel,
can produce the 40kg/h of fresh water. The energy consumption of the current suggested system was 23.85 kW for 40kg/h
freshwater production, And the COPy, of the heat pump was 13.37. In addition, the electrical energy consumption of the
current suggested system for freshwater production was 1.68 kg/kWh.
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Table 1 Properties of VMD module

Hollow fiber membrane module MDO020CP2N (Polypropylene)
Length of fibers (L, m) 0.47
Shell diameter (ds, m) 0.025
Number of fibers (N) 40

Inner diameter of fibers (di, mm) 1.8

Outer diameter of fibers (do, mm) 2.6
Membrane thickness (6m, mm) 0.4
Porosity (%) 70

Mean pore size (Um) 0.2
Tortuosity 2

Liquid entry pressure of water (kPa) 140
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Nomenclature

HEl HAm| -]
EAAEA S [ke/m’s pa]
H < [I/molK]
A% [m]
S3A 3 [m]
F3A 97 [m]
e WA [m]
FEdgA s [W/m2K]
R [kg/m3h]
AedAgA 4 [W/mK]
s o [m]
A [ke/s]
4% [g/mol]
F3A -]
e (Pa]
= (W]
LojAto] = [m]
o7 A4 [J/mol K]
2= (K]
AEs [-]
E5E [-]
4% [my/s]
& £ [m’/mol]
e Zo] [m]
Nusselt number [-]
Prandtl number [-]
Reynolds number [-]
up =7 um
o I=E [%]
Yas angle °
TRE A Pas
Ue [kg/nr’]
27 Y [
238 [
bulk
ey
=
U
AFREDS 2
HEgel
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