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Performance of heat and mass transfer based on
hydrophilic/hydrophobic composite membrane

ZHANG Yan, ZHANG Lizhi, XIANG Hui, XU Xueli
(Key Laboratory of Enhanced Heat and Energy Conservation of Ministry of Education, School of Chemical
and Energy Engineering , South China University of Technology, Guangzhou 510640, Guangdong, China)
Abstract: The membrane-based total heat exchanger is a novel heat recovery unit due to its simultaneous
recovery of sensible heat and moisture. This study investigated the heat and moisture exchange capabilities
through a PVAL/PVDF composite membrane, between the fresh air and exhaust air in a total heat
exchanger. A heat and mass transfer model was set up for the counter flow exchanger. The calculated and
experimental results were in agreement. The total heat transfer coefficient was in the order of 20—35 W

—2

m~ % « ‘C7! and the total mass transfer coefficient was in the order of (1.5—3.5) X107° m « s™' respectively.
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Fig. 1 Scheme of membrane-based

heat and mass exchanger
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Fig. 2 Structure of composite membrane

KA AL Z ALK VE S 2 i i iR B

D,

Dy = (5)
T
1, [8RT
D, = 3 dy <M. (6)

TR A3 7 3 7K BUR T 2 0 A% 3 i BE O B R
Mrid s kAT, HyH R EC
mm:%%¢ D
KIER B R AR, R
- D

w1 D.,

5, (wf —w1) = p, 5 (01— @) (8

a

oK 3 7E PV AL H i W B 25 R Ze fE e PE AL B, ) ¢
RO FRE. WA
wh = Jw (9

X wi b PVAL W A9 K43 5w K2 28
S e,
1.2 MiRERERRENITE

BN R AL A R BT LT Nusselt JCHE
Aok R

Nu :%
A

X AR B A4S E 7S 43 K R 1Y 2 i Nusselt
. HESHEEHEEOHKE AL, X b/H>o,
fE ARG A 8. 23, fH BRI A 7. 548, FEAH] o
b/H=50 B}, Nusselt ZfE#GRE R 7. 91, fHEER
AR 7.17,

XPAE TN F B TE BE L2 e B, R K
1o &

Nu — 7.54 4+ 0-0688RePr(d./L)

1+ 0.04[RePr(d./L)]"" (10




« 296 - e T

% 58 &

F [

X R .k TR o 2 5t
W

uH
=30+ m an

PF)ZE N R AL B H B Sherwood ¢ BK 2k
i i

k.
Sh = D.. (12)

A Colburn-Chilton 6B XA

. Sh_  Nu
JfReSCo.l ~ RePrO! as

A
Sc\*!
Sh= Nu(5e)

Schmidt £ Sc K

(14)

2 LI

2.1 PVAL/PVDF E&5EHI&I&

AR R BRI ES& R G B, LR
PVDF fi§ fy b 5t Jufh & B A w) $2 4k, fL 42 0.45
pm, FLERH 8020, JEE 80 pm,

(1) ZHGAMECH FRIC3 ¢ BEET R (fk
pal) f13 g B8R (o drd) % 94 ml &K
PiC Tl B A BRI

(2) ROGEERBAECH I 7 ¢ RO ImmE
MR T 93 ml ZZW K, EHEHIEHE T
9OCTHEFE2 h ZELEM, TR 70 MR
i (PVAL) /KIEW .

(3) EAMBEMEI% ¥ PVA BB 1EZ AL

4

A/

S PEJE (BD PVDF ) b, ZEE| T T4 24 h,
RIGHIRE A PYAL 19— 5 5 52 3 55 A4 1 57
IR R fk . B S RCEAE 100 C R 25 T840 ot
T, B3 PVAL/PVDF & &5,
2.2 IWREREE

KERAEBE L E G, St FEmE S
B R)ZRE , )2 HECHEEMN, BdEz 3
AL L2 . LR, fLamEmim., B4
JBE R R 2 — O K Y T, XA R T K o T
&l

SR EANEL 3 Frs . A I A A E R R
IR I EAY =7 N e Sk S P i B u N G ]
(49 52 G 55 DA g — 0 3R 1 R XUE AT G 28 3, X
AU e P RO A T A B R B B R
=

3 #HXR Gtk

3.1 HRBHEHARY

TR ) A AR IR L B s Rt v, BRUAR N S 56 1)
KT —E PRSI, (H B TR S AN R AR
e, S ABEBUR — @ ARG, B 2 E
AT Y BB R K, AR o m A ALY
0.022 m*, mfM A KN 0.0004 m*, EH T=
24.0°C, LR P U RE HCHE T IR BE 0 SRR OF 1y
. A A5 Fk (A6) A B RmE 4
FiR .

Q. = K.AAT (15)
Q. = c,um(Ti —T,) = ¢pupa AT, — T) (16)
A AT B XTECE 4 2% .

K3 S G RGEE

Fig. 3 Scheme of experimental setup

1, 15—vacuum air pump; 2—humidifier; 3—packing; 4—liquor distributor; 5—pool;

6—water pump; 7, 10, 14—valve; 8—hot water bath; 9—coil; 11, 13—flowmeter;

12—MHME; 1¥ —4% —temperature and humidity sensor
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dissipation coefficient of MHME
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Table 1 Simulation parameters

Parameters Values Parameters Values
01/m 80X 106 0a/kg e m™3 1. 205
02/m 20X 1076 op/kg e m™3 1280
do/m 4.5%10°7 [lep/J kg 1o C1 1005
L/m 11X10°?2 Dyy/m? « 7! 3.2X10°10
b/m 10X10 2 Dy,/m? « s 2.6x10 2012l
H/m 2X1073 An/Wem™ 1« K! 0.1268

T 2 M, /g * mol ! 18.02
c 0.8 ¢ 15.0
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Fig. 5 Comparison of total heat transfer

coefficient of membranes
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