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Figure 1. Photograph of the apparatus used in this work. (a) ACMD experimental apparatus, (b) WCMD experimental
apparatus.
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Figure 2. Photograph of the module used in this work. (a) ACMD module, (b) WCMD module.

Table 1. The dimension parameters of the mesh spacer.

Spacer dy Ln hsp Weh * hen 0
P (mm) (mm) (mm) (mm) (mm) ©)
1 4 10 44 10 113

wan °: the average value of the channel width; dr. filament diameter of the mesh spacer; Im: the mesh
size; hsp: the spacer thickness; hei: the depth of the channel; 0: the hydrodynamic angle.
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Figure 3. Schematic diagram of fins structure. L,,: length of the fins; W ., - width of the fins;

H , : height of the fins; J,,: the fin pitch; 0, , : the thickness of the inner fin; &, ,: the thickness

fin,1° fin2 "
of the outer fin; 5[%8 : the thickness of the substrate; A;: surface area of the substrate; Ay : side

area of the fins.

Table 2. The size parameters of the fins structure.

Fins Lin®*Wrin*Hfin Ovase Y Ofing Ofin,2 Ocn Ar we
code (mm) (mm) (mm) (mm) (mm) (mm?2)
Fins1  65x69 x45 8.5 13 2.0 2.5 3.75 2795 14.2
Fins2  65x69 x27 4.6 22 1.2 1.5 2 2730 14.9

Fins 3 65 x 69 x 36 4.6 27 1.0 1.0 1.6 2756 25.2
bnumber of the fin, dimensionless;; w ¢ surface area ratio of the fins, which is the ratio of the total
area of the fins (Ar + Ay) to the area of a flat plate with the same size (Lsn * Win), dimensionless.
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Figure 4. The aluminum finned condensing plates used in this work.

Table 3. The ACMD performance of the PTFE membrane with various condensing plates at dif-
ferent feed temperatures #in natural convection condition in terms of temperature correction co-
efficient ¢  and salt rejection ratio Rs.

Condensing plate materi-

t(°C) @, Rs (%)
als

38.8 1.75 99.277

45.0 2.01 99.451

PMMA 53.6 2.38 99.734
61.2 2.72 99.806

70.3 3.12 99.811

39.1 1.74 99.886

Steel

45.4 2.03 99.943
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53.2 2.34 99.960

61.1 2.69 99.977

70.0 3.08 99.980

38.6 1.71 99.937

45.7 2.01 99.889

Aluminum 53.2 2.33 99.920
61.1 2.66 99.954

70.3 3.07 99.957

38.8 1.72 99.183

45.8 2.04 99.571

Copper 53.2 2.32 99.634
61.0 2.66 99.823

70.2 3.07 99.857

Table 4. The ACMD performance of the PTFE membrane with various condensing plates at dif-
ferent air velocities u. in terms of salt rejection ratio R.

Condensing plate materi-

ua (m/s) @, Rs (%)
als
0.0 3.06 99.983
0.4 2.96 99.994
PMMA 1.0 2.93 99.994
2.0 2.88 99.994
0.0 3.02 99.989
Steel 0.4 2.85 99.997
1.0 2.80 99.997
2.0 2.79 99.994
0.0 2.98 99.991
Aluminum 0.4 2.78 100.00
1.0 2.68 100.00
2.0 2.68 100.00
0.0 2.98 99.991
Copper 0.4 2.78 99.994
1.0 2.65 99.997
2.0 2.60 99.997

Table 5. The WCMD performance of the PTFE membrane with various condensing plates at dif-
ferent feed temperatures ¢ in terms of salt rejection ratio Rs.

Condensing plate materials t(°C) Rs (%)
40.1 99.651

46.3 99.600

PMMA 53.4 99.714
61.0 99.766

68.1 99.791

39.4 99.880

45.8 99.983

Steel 53.2 99.940
62.2 99.986

68.8 99.946

Aluminum 38.7 99.983
459 99.886
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53.4 99.989
60.4 99.989
69.0 99.991
38.8 99.994
45.5 99.997
Copper 52.8 99.997
60.4 99.997
69.2 99.997

Table 6. The ACMD performance of the PTFE membrane with the condensing plate at different

surface area ratios in ACMD process.

Condensing plate #a (m/s) ty (°C) Rs (%)
0.0 59.1 99.989

0.2 43.9 99.997

0.4 44.0 99.997

0.6 43.2 99.997

Fins 1 0.8 40.5 99.997
(w=14.2) 1.0 38.8 99.997
1.5 36.3 99.997

2.0 33.8 99.997

25 32.0 99.997

3.0 30.9 99.994

0.0 61.5 99.991

0.2 51.3 99.997

0.4 46.5 100.00

0.6 45.5 100.00

Fins 2 0.8 43.7 100.00
(w=14.9) 1.0 40.7 100.00
1.5 37.3 100.00

2.0 33.3 99.997

2.5 33.0 99.997

3.0 32.0 99.997

0.0 61.3 99.949

0.2 50.8 99.963

0.4 47.8 99.969

0.6 44.3 99.971

Fins 3 0.8 42.6 99.974
(w=25.2) 1.0 40.4 99.974
1.5 35.6 99.980

2.0 31.9 99.989

25 315 99.997

3.0 31.1 99.997

Heat transfer in the MD process

As shown in Fig. S5, heat transfer in the MD process can be divided into the fol-
lowing sections: (1) heat transfer through the hydrophobic membrane (Q, ), including

the conduction of the membrane and the latent heat carried by the water vapor; (2) heat
transfer through the air gap (Q,, ), including the conduction or natural convection of the

air and the latent heat of the water vapor; (3) heat transfer by condensation at the inside
surface of the condensing plate (Q ); (4) heat transfer by conduction through the con-
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densing plate (Q,, ); and (5) heat transfer by convection of the air or water at the outer

surface of the condensing plate (Q, ).
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Figure 5. Schematic of heat transfer in ACMD process.

When the MD process was in steady-state, the heat flux through each section should be
consistent:

Q=Q,=Q,=Q,=Q,=0Q =H(t, 1), (1)
where t, and f are the temperature of the feed side and cooling side, respectively. Q

is the heat flux. H is the total heat transfer coefficient in the MD process, which can be
calculated by:

H=(R,+R +R,+R +R)", (S2)

where R , R, R;, R,, and R represent the thermal resistance through the hydro-

mr Dagr N s
phobic membrane, air gap, condensing film, condensing plate, and cooling side, respec-
tively.
Next, the investigation was focused on the calculation equation of H under different
cooling conditions. When the natural convection of the air is adopted on the cooling side,
H is calculated as follows:

o [ 1)
H=(R,+R +R, +-F 4 )" :(a+—‘7’+%)’1 (S3)
¢ A, 0594, (GrPr) e A, AGr "o

where 6, and 4 are the thickness and thermal conductivity of the condensing plate,

respectively. 4, Gr, and Pr are the thermal conductivity, Grashof number, and
Prandtl number of the air, respectively. o is the effective surface area ratio of the con-
densing plate. [, is the characteristic length of the condensing plate. Both a and b keep
constant under the given condition.

When the forced convection of the air is applied on the cooling side, H is expressed
by:

567’ lfP -1 55%’
H=(R,,,+Rag+Rcf+—+ ) =(a+—+ (S4)

Acp 0.228/111(%)0'731 Prma) »
v

a

)—l
0.731
Au " @

where u_and v, are the velocity and kinematic viscosity of the air, respectively. c is a

constant under the given condition.
When the cooling water circulation is employed on the cooling side, H is expressed

by:
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where A, u ,and v are the thermal conductivity, velocity, and kinematic viscosity
of the cooling water, respectively. d is a constant under the given condition.
Besides, when the fins are used as the condensing plate, fin efficiency (7, ) is em-

ployed to characterize the effective degree of the fins’ heat dissipation. It can be calcu-
lated by:

th[(th//lﬁﬁﬁ” )0.5 (Hj, =6, + 65, /2)} th(hco's /6)
= = (S6)

(Zh“/lﬁnéﬁn )0‘5 (H - 55’15" + §ﬁ" /2) (hco‘s /9)

Ny
fin

where 4, is the thermal conductivity of the fins. 6 is a constant under the given con-

dition.
In this case, the effective surface area ratio (@') of the condensing plate is written as
follows:
th(h" / ©)
o'=(-n, +1=(0-1)——F+1 S7
(=D +1= (-7 o s7)

Therefore, the expressions of the total heat transfer coefficient in the MD process
under different cooling conditions are summarized as follows:

1)

(@+—=+ %)‘1, Natural convection of the air
Ao 4G o
5cp C ] . .

H=4 (@+——+——7—), Forced convection of the air (S8)
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