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Figure 1 Composite hydrophobic-hydrophilic membrane structure
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Figure 2  Structure of a parallel-plate membrane module
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Table 1 Fully developed Nusselt and Sherwood numbers in the
parallel-plate membrane channels for various aspect ratios and
types of contactor'™”

M LN B
Nu Sh Nu Sh Nu Sh
0.1 8.01 7.03 8.17 7.22 8.12 7.13
1 8.04 7.05 8.19 7.51 8.14 7.23
10 8.06 7.06 8.21 7.33 8.16 7.26

a) ISR SRR
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Figure 3 Schematic of a plate-fin structure
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Figure 4 Schematic of the cross-corrugated triangular ducts
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Figure 5 Schematic of the hollow fiber membrane module. (a) The
shell and tube structure; (b) structure of a single membrane fiber

TSl S 38 S (AR E. T A 2 A 4 A AR SRS
IYHREA], FERERIT S E A R 2. Happel®'A
REFHEE Rt — R YW A R AR . nE
5(b), HEAN A H 2 AL — AN 27 4R A4 L (R4
WK, RS OMAmEmYROES, 7EAH
F B SN BEAT i | PR TR AL, AR E
ZASFN )z By R PO ]S AR A PR 2R, PR
) R 23 2T 2 s SR 4% A 2 VO 00 3 R A S T 4R
FE AL, Zhang®E NPTESE T 5T [ vh 2 1 5 15 00 A
A7 L 0 A% AL A Y, JH AR5 B T R B AT 2 4% 5
IRFEECR & (LB HOF L HEA T T 800E. #7598 &,
VAL VA ST 35 %% 98 IR R B (Nue ) 3238 T2 Nur. Fo4% %
Ji Bz S Y 5% 2 IR R BEOR 8 (1L AR 5 T 6 28 A
HR DL TS A R R B A S R 5% ZE IR R R (N )
TE Nup F Nug 2 [8], I H Nuc , B 42 3T Nuy, 55 HEEL
(She o)W /INTFHH R () 4% ZE R BB (Nuc ).

ZIF 5345 55 S R PE, HuangZs AP COVF] i
(] 1 rpr 2 21 A B 5 T 336 30 2EL 1 B9 I sl RN A% S
PE, JFRR TR 8% S8 REEEOR S (s, F
FERI, AL FRE S #a AN RR B 0 T [, S
B W FH H 7 st £ el

(i) BB has e dE AL 1. YR B A K
AF, 3003 P s A5 A B P R I BRSO R T sk
G BB AL v 3 R TR W, 3 A5 A AR B A A
W, TR I s S SR E . R B I A B
U A T A IER LA N S I A AR 1) 3L B AL AL T
FeAi 4 2. Ahmad " WF 58 T % BIRR R (Pr)y MO T R 28R
ot PR [ R R A X I B P4, Lange 5 1215 i)
RIS T IR AR B 2 R, (R B AT YA A
RURTE I A A S Z MMM . T
fiff e X — ), H AR T R
b SER S

£2 HRREIERENTS KRS E/RFENFHE
ﬁ[ﬁ]a)

Table 2 Fully developed Nusselt and Sherwood numbers for the
annular channel in the counter flow hollow fiber membrane mod-
ule with the free surface model™®!

BI B 3 rolre Nur Nuy Nuc, Shea
0.162 0.40 5.51 5.97 5.94 5.84
0.253 0.50 4.99 5.43 5.40 534
0.360 0.60 4.66 5.10 5.07 498
0.491 0.70 441 481 4.80 475
0.641 0.80 4.24 4.63 4.60 455

a) o 5 e E AR A iR A
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Figure 6 Schematic of a cross flow hollow fiber membrane bundle. (a)

In-line; (b) staggered (the area surrounded by the dash line is the repre-
sentative calculation domain)
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Table 3 Mean Nusselt and Sherwood numbers for the air stream across a fiber

166,671

. Re,=100 Re,=200
iEEK rO/rf Nuave T Nuave H NuaveAa ShaveAa Nuave T Nuave H Nuave a Shave a
0.160 0.4 6.23 7.18 7.11 7.36 8.57 9.88 9.61 9.87
0.362 0.6 7.79 8.99 9.26 10.00 10.45 12.12 12.39 12.71
0.642 0.8 11.93 13.57 14.21 17.70 15.48 17.92 19.20 21.27

P Re,=400 Re,=600
BiR rolre Nitgyer Nutaye s Nitaye o Shaven Nutaye Nutgyen Nttayen Shave.a
0.160 0.4 12.53 14.31 13.79 13.83 15.52 17.64 17.05 16.94
0.362 0.6 14.74 17.07 17.04 17.10 18.07 20.89 20.79 20.65
0.642 0.8 21.06 24.41 26.61 26.24 25.25 29.37 31.47 30.74
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Table 4 Mean Nusselt and Sherwood numbers for the air stream across the hollow fiber membrane bundle with in-line and staggered

[74,75]

arrangement
) P9LIEHES ) =HIEHES
SU/2ry) BFER -
Nutgyer Nutaye s Nutayea Shayea Nutayer Nutaye s Nutgea Shayea
Re=200 1.5 0.349 6.27 9.68 6.62 9.34 15.63 18.79 14.38 18.29
2.0 0.196 4.46 5.52 5.52 5.43 11.14 14.15 9.79 13.92
2.5 0.125 3.31 3.78 4.96 4.02 9.41 12.71 7.31 12.56
Re=400 1.5 0.349 10.07 12.52 8.98 11.72 21.62 24.57 20.88 23.74
2.0 0.196 745 8.93 7.03 7.36 15.21 20.42 14.53 19.63
2.5 0.125 5.84 6.72 6.62 5.32 13.62 17.51 12.56 16.94
b A2 4 R N \ N
JUEPER TR R0 30 5 (e R R, 74 b LA I 2 24
BB St [ -mEmSs LI5S o3 AT AR YR A R I B S AR I Re A AR (A R
JE AR,
BEES ] [} RS

B 7 RS N R AR AR B

Figure 7 Schematic of the air flow maldistribution for total heat ex-

changer
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Figure 8 Schematic of the heat pump combined with membrane-based
air dehumidification system. (a) Independent air dehumidification sys-
tem with membrane-based total heat recovery; (b) heat pump driven and
hollow fiber membrane-based liquid desiccant air dehumidification
system
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Membrane-based heat and moisture control: Progress on theory and
technology

ZHANG Ning & ZHANG LiZhi

Key Laboratory of Enhanced Heat Transfer and Energy Conservation of Education Ministry, School of Chemistry and Chemical Engineering,
South China University of Technology, Guangzhou 510640, China

Membrane-based heat and moisture treatment is a novel temperature and humidity control technology for energy conservation in
buildings. Its moisture control effectiveness is high, and it is compact. Moreover, the traditional problem of desiccant droplet crossover
is prevented. In recent years, much progress has been made in the development of this technology, from fundamentals to applications.
In this review, advances are introduced, including novel membrane materials, new findings in conjugate heat and mass transfer in
membrane modules, and new systems that combine air dehumidification with renewable energy use. A membrane made of a uniform
material is weak on mass transfer and not suitable for engineering applications. A composite hydrophobic—hydrophilic membrane can
substitute for it because of the reduction in mass transfer resistance. The heat and moisture transfer mechanisms in parallel plates, plate
fins, and cross-corrugated membrane-based total heat exchangers are discussed. The heat and mass transfer properties in hollow fibers
modules are described. The conjugate heat and mass transfer on the surface membrane, flow mal-distribution in the membrane
modules and the randomly distributed nature of heat in the tube banks are ideal for application in dehumidification systems. Their
effects on heat and mass transfer are presented. The correlations for heat and mass transfer, and the detailed Nusselt and friction data
for module design, are summarized. They provide the fundamentals for system design and optimization. Moreover, the heat and mass
entransy dissipation, which is a new concept in thermodynamics, is introduced to analyze the system performance. It is found that the
larger the heat and mass entransy dissipation, the more heat is lost and the more irreversible the mass transfer for air dehumidification.
In addition, the system set-up and the applications of this new technology are introduced. The heat pump driven liquid
dehumidification systems perform well because the cooling and heating before dehumidification and regeneration can be supplied
simultaneously and efficiently. The energy-use efficiencies are greatly improved if they are combined with solar energy use. The
single-stage desiccant system can be improved by separation into a multi-stage system, where the desiccant is inter-cooled after
absorbing moisture. In future, to extend this technology to commercial applications, the following research needs to be addressed: new
low-cost membrane materials, internally cooled membrane-based modules, multi-stage membrane liquid desiccant air
dehumidification systems, and real-time dynamic simulation technology.

membrane-based heat and moisture control, membrane material, membrane module, dehumidification system, heat and mass
transfer

doi: 10.1360/N972014-01329

1689



