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Abstract:

A new design of the solar air gap membrane distillation (Solar AGMD)
system is investigated theoretically and experimentally. = The theoretical
formulations are also developed and the resultant equations are solved by the
Newton-Raphson method. The effects of the fluid inlet temperature, volumetric
flow rate, air gap thickness and incident solar radiation on the heat transfer
efficiency and the productivity of pure water are discussed in this study. The
theoretical results indicate that the pure water productivity increases with
increasing the inlet temperature of hot fluid, volumetric flow rate and incident
solar radiation. Moreover, the best thermal efficiency of the solar AGMD system
was obtained as the air gap thickness is 2.5 mm. A comparison of the traditional
air gap membrane distillation system (AGMD) and the new solar AGMD system
on the pure water productivity are also made. The results show that the solar
AGMD system does the better performance than the traditional AGMD system.
The experiments of the AGMD and solar AGMD systems are set up to confirm the
accuracy of the theoretical predictions. The good agreement is achieved between
the theoretical results and the experimental runs in the present study.
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N =2 4 kg 21 =)
$I% BEo3tE

24 DA FRENENEF LA AN EE R BRZ B KAF T K L

air gap(mm) ¥, (L/min) VA(L/min) T,(K) T, ,(K) T;4K) T;(K) N (kg/m’h)
0.3 0.9 312.9 312.6 298 298.4 0.456
4 0.5 0.9 312.9 312.6 297.9 298.8 0.492
0.7 0.9 313.1 312.6 298.1 298.6 0.487
0.9 0.9 312.9 312.1 298 298.6 0.496
0.3 0.9 318 317.6 298 298.7 0.738
4 0.5 0.9 317.9 3174 298 298.8 0.798
0.7 0.9 318 317.1 298.1 298.9 0.797
0.9 0.9 317.9 316.5 298 298.7 0.799
0.3 0.9 3229 321 .2 298.1 298.7 1.241
4 0.5 0.9 322.9 321.7 298.1 298.8 1.206
0.7 0.9 323 322 298 298.5 1.264
0.9 0.9 323 322.1 298 298.5 1.231
0.3 0.9 328 327.1 297.9 299.5 1.496
4 0.5 0.9 327.9 326.7 297.9 299.6 1.606
0.7 0.9 328 326.4 298 299.6 1.665

0.9 0.9 327.9 325 298 2994 1.731
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N =2 4 kg 21 =)
$I% BEo3tE

e, — . = s el s 42 R . by 2 . s , 2. P . _ 2
5 S B BRNERES LIRS AN EEEC TR 2ZBLE ST & 8B E; S=830 Wm

air gap(mm)  Sy(W/my) V,(L/min) V(L/min) T, (K) T, ,(K) T;(K) T;o(K) Ny(kg/m’h)
831 0.3 0.9 313 315.8 297.9 299 0.606
4 831 0.5 0.9 313.1 315.2 298 299 0.556
810 0.7 0.9 313.1 3144 298 299 0.560
830 0.9 0.9 313 314.4 298 299 0.531
856 0.3 0.9 318.1 320.2 298 299.4 0.868
4 816 0.5 0.9 318 319.6 297.9 299.3 0.919
833 0.7 0.9 318 319.5 298.1 2994 0.914
869 0.9 0.9 318.1 3194 297.9 299.3 0.882
844 0.3 0.9 323 324.4 298 299.8 1.306
4 860 0.5 0.9 323 $23.5 298 299.7 1.344
841 0.7 0.9 323 323.7 298 299.9 1.279
840 0.9 0.9 323 323.8 298 299.8 1.275
840 0.3 0.9 328 327.5 297.9 299.8 1.602
4 837 0.5 0.9 328 328.5 297.9 299.9 1.664
838 0.7 0.9 328 328.8 298 541 1.695

840 0.9 0.9 328.1 329.3 298 300.1 1.710
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26 BAIFIRSEEES ARt BRI ESRER 2 Bk

AFR&RFALFE

Ty Vi Ny(kg/m’h)  Ny(kg/m’h) Error
(K) (L/min) Theo. Exp. (%)
0.3 0.534 0.456 17.22
313 0.5 0.560 0.492 13.87
0.7 0.573 0.487 17.63
0.9 0.580 0.496 17.01
0.3 0.796 0.738 7.88
318 0.5 0.843 0.798 5.65
0.7 0.865 0.797 8.58
0.9 0.879 0.799 9.99
0.3 1.104 1.241 11.00
123 0.5 1.181 1.206 2.06
0.7 1.219 1.264 3.51
0.9 1.243 1.231 0.91
0.3 1.461 1.496 2.34
208 0.5 1.580 1.606 1.61
0.7 1.641 1.665 1.45

0.9 1.678 1.731 3.02
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s =2 4l ke 2} )
$I% Bx#3tH%

27 AHAFRESEES AR AR R 2 Bk

AZ@k2 L £:.5,=830 Wm’

2 2
(Tlg) So(W/my) (L/Z;Vin) NS%%Q? K NS(IE%;/;] K E(I«iiﬁr
831 0.3 0.610 0.606 0.78
313 831 0.5 0.609 0.556 9.38
810 0.7 0.608 0.560 8.55
830 0.9 0.608 0.531 14.62
856 0.3 0.887 0.868 2.20
318 816 0.5 0.902 0.919 1.87
833 0.7 0.909 0914 0.52
869 0.9 0914 0.882 3.57
844 0.3 1212 1.306 7.21
13 860 0.5 1.252 1.344 6.84
841 0.7 1.272 1.279 0.50
840 0.9 1.285 1.275 0.81
840 0.3 1.585 1.602 1.06
38 837 0.5 1.664 1.664 0.04
838 0.7 1.704 1.695 0.55

840 0.9 1.729 1.710 1.09
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2.6
54 [l 7= 298K, V=09 L/min
X Theo. Exp.
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BI21 % i § I3 RS R R B 2 R Rk A 2

2. 35 45,8, =830 W/m’, V/=0.9 L/min,T;~=298 K
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a0 2 4L by > L )
$I% Bx#3tH%

2.6

24| Tﬁ= 298 K, Vf= 0.9 L/min
Theo.

22H T =313K

T =318K - - -

200 7 =303K -+

18y 1,7328K ==

——- - —
-
—-—
g
.-
-

1.6

1.4

Ng (kg/m’h)

1.2 F

1.0

00’( 2 1 2 1 2 1 2 /r
0.2 0.4 0.6 0.8 1.0

V. (L/min)

BI22 X B § I B s i il Bl R M kA S

2 §455; S, =1100 W/m”®, V/=0.9 L/min,T;=298 K
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a0 2 4L by > L )
$I% Bx#3tH%

0.30
T =298 K, V=0.9 L/min
Theo.
0.25F T =313K
T =318K - -~
T =323K -----
0.20 T =328K —-—-
i S, =830 W/m’
\
~" 0.15}
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0.00 ' .
0.2 0.4
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THRFESERES ARSI BN R SRR AT R
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5 = 4L by 2> )
$I% Bx#3tH%

0.30
T,=298K, V= 0.9 L/min
Theo.
0.25F T =313K
.‘ T =318K - -~
0.20 ¢

= 0.15
0.10

0.05
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dv & 2§ 458, =1100 W/m®, /=0.9 L/min,T;=298 K
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28 BARANF RN ENESE f b PR E R R 2

ok A kR ek

air ga V. V, N,
(m%n)p W) Ly O Do) L) L) gt
0.9 0.3 323 3239 298 3031 1315
] 0.9 0.5 323 3237 298 3014 1360
0.9 07 323 3238 298 300 1368
0.9 09 323 3238 298 2998 1301
0.9 0.3 323 3237 293 2986  1.468
] 0.9 0.5 323 3236 293 2965  1.545
0.9 07 3231 3235 293 2957  1.546
0.9 09 323 3234 2929 2948  1.566
0.9 03 323 3234 288 2955  1.556
) 0.9 0.5 323 3234 288 2924 1610
0.9 07 3229 3234 2879 291  1.662
0.9 09 323 3236 2881 2904  1.664
0.9 0.3 323 3184 298 3021  1.974
o 0.9 0.5 323 3183 298 3009  2.061
0.9 07 323 3182 298 3002 2.5
0.9 09 3231 3183 2979 2996  2.142
0.9 03 3229 3184 293 2986 2355
o 0.9 0.5 323 3182 293 2967 2329
0.9 07 323 3183 2929 2958 2376
0.9 09 3231 3184 293 2952 2366
0.9 0.3 323 3182 288 2925 2438
o 0.9 05 3231 3182 288 2917  2.498
0.9 07 323 3183 2881 2909  2.582

0.9 0.9 323 3183 288 290.2 2.606

60



29 ABRFIEANEWES AR L F A AR SR BR 2

ok A P 5% b4 S=830 W/m®

air gap SO Vw I/f Tw,i Tw,o 7}1 7},'0 NS
(mm) (W/m,) (L/min) (L/'min) (K) (K) (K) (K) (ke/m’h)

814 0.9 0.3 323 323.9 298 303.1 1.315
832 0.9 0.5 323 323.7 298 301.4 1.360

4 836 0.9 0.7 323 323.8 298 300 1.368
840 0.9 0.9 323 323.8 298 299.8 1.301
844 0.9 0.3 323 323.7 293 298.6 1.468
4 854 0.9 0.5 323 323.6 293 296.5 1.545
832 0.9 0.7 323.1 3235 293 295.7 1.546
831 0.9 0.9 323 3234 2929 2948 1.566
825 0.9 0.3 323 323.4 288 295.5 1.556
4 824 0.9 0.5 323 3234 288 292.4 1.610
836 0.9 0.7 IR —B234 12879 291 1.662
833 0.9 0.9 £23 323.6  288.1 2904 1.664
822 0.9 0.3 323 323.5 298 303.6 2.126
19 854 0.9 0.5 3229 _~998MY 298 302.2 2.181
830 0.9 0.7 323 323.3 298 301.3 2.203
834 0.9 0.9 3233234 298 300.7 2.313
864 0.9 0.3 323 3233 293 299.6 2.567
19 823 0.9 0.5 3229 3234  293.1 2982 2.551
842 0.9 0.7 323 3233 293 297.3 2.573
863 0.9 0.9 323 3233 293 296.5 2.563
825 0.9 0.3 323 3234 288 294.5 2.609
19 826 0.9 0.5 323.1 3235 2889 2934 2.653

833 0.9 0.7 3229 3234  288.1 292.1 2.703
829 0.9 0.9 323 3235 288 291.2 2.706
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s =2 4l ke 2} )
$I% Bx#3tH%

FIRS AR AR A E B R R Bk

AR A L

Ty vy Na(kg/m’h)  Ny(kg/m’h) Error
(K) (L/min) Theo. Exp. (%)
0.3 1.216 1.143 6.45
203 0.5 1.231 1.183 4.13
0.7 1.238 1.223 1.29
0.9 1.243 1.231 0.91
0.3 1.332 1333 0.05
203 0.5 1.344 1.362 1.26
0.7 1.350 1.358 0.53
0.9 1.354 1.381 1.96
0.3 1.418 1.462 3.03
. 0.5 1.428 1.470 2.86
0.7 1.433 1.481 3.26
0.9 1.435 1.504 4.55
0.3 1.996 1.974 1.08
208 0.5 2.040 2.061 1.00
0.7 2.061 2.051 0.52
0.9 2.074 2.142 3.16
0.3 2.207 2.355 6.26
203 0.5 2.246 2.329 3.56
0.7 2.264 2.376 4.72
0.9 2.275 2.366 3.84
0.3 2.369 2.438 2.82
-88 0.5 2.401 2.498 3.87
0.7 2.416 2.582 6.43

0.9 2.424 2.606 6.98
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s =2 4l ke 2} )
$I% Bx#3tH%

2011 AR ARNEERS AR AR R B R R 2K
A F P WAL £, S~830 Wm®

Air gap So Ty v Ns(kg/m’h) Ngkg/m’h)  Error
(mm) (W/m?) (X) (L/min) Theo. EXp. (%)
814 0.3 1.216 1.143 6.45

832 208 0.5 1.231 1.183 4.13

836 0.7 1.238 1.223 1.29

840 0.9 1.243 1.231 0.91

844 0.3 1.332 1.333 0.05

A 854 v 0.5 1.344 1.362 1.26
832 0.7 1.350 1.358 0.53

831 0.9 1.354 1.381 1.96

825 0.3 1.418 1.462 3.03

824 ok 0.5 1.428 1.470 2.86

836 0.7 1.433 1.481 3.26

833 0.9 1.435 1.504 4.55

822 0.3 1.996 1.974 1.08

854 SR 0.5 2.040 2.061 1.00

830 0.7 2.061 2.051 0.52

834 0.9 2.074 2.142 3.16

864 0.3 2.207 2.355 6.26

823 0.5 2.246 2.329 3.56

19 842 293 0.7 2.264 2.376 4.72
863 0.9 2.275 2.366 3.84

825 0.3 2.369 2.438 2.82

826 588 0.5 2.401 2.498 3.87

833 0.7 2.416 2.582 6.43

829 0.9 2.424 2.606 6.98
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Ao o2 4L 2 )
$1% BFedB

3.5
T =323K, ¥ =09 Lmin
Theo. Exp.
T-298K .
30H T=293K ---
L,=288K ----- 4 air gap=1.9 mm

2
Ng (kg/m™h)

OO:f 1 1 jl/
0.2 0.4 0.6 1.0
Vf(L/min)
BI26 = v f MRS Bz s & 3L i A ¥HHRAEF

2B %,5,~830 W/m*,V,=0.9 L/min,T,,=323 K
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s =2 4l kg 2> 1 A
$I% Bx#3tH%

3.5
T =323K, V=09 L/min
Theo.
T =298 K
30 7.-293K - -~
T,m 288K - air gap=1.9 mm

2
Ng (kg/m™h)

air gap=4 mm

15F . CA=es. ... ... . A8 nd .
0.0j"/ 1 1 ﬁ(
0.2 0.4 0.8 1.0
Vf(L/min)
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2 8 5,5,~1100 W/m*,V,,=0.9 L/min,T,,=323 K
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#2012 @A F RN

AR Y
LT S BT

CRFIEA R 2 Bk A KR B b

s =2 4 ke 2} 2
$I% BEo3tE

air gap(mm)  V,(L/min) V(L/min) T, (K) T, ,(K) T;(K) T;o(K) N(kg/m?h)
1.9 0.9 0.9 308 307.7 298 298.6 0.558
1.9 0.9 0.9 318 3178 298 299.3 1.453
1.9 0.9 0.9 328 326.5 298.1 300 2.687
4 0.9 0.9 308 307.9 297.9 298.2 0.322
4 0.9 0.9 317.9 316.5 298 298.7 0.799
4 0.9 0.9 327.9 325 298 2994 1.731
10 0.9 0.9 308 308 298 298.2 0.149
10 0.9 0.9 318.1 317.8 298 298.6 0.420
10 0.9 0.9 327.9 0T 298.1 299.1 0.858

68



213 *Haf i E

AR AR F IR ER LB RAE T A 5830 Wm’

s =2 4 ke 2} 2
$I% BEo3tE

air gap(mm)  Sy(W/m,) V,(L/min) V(L/min) T, (K) T,,,(K) T;(K) T;o(K) Ns(kg/m*h)
825 0.9 0.9 308 309.4 298.1 299.3 0.577
1.9 823 0.9 0.9 318 318.5 298 300 1.595
829 0.9 0.9 328 32A3 298 301.2 2.837
833 0.9 0.9 308 309.3 297.9 298.6 0.333
4 869 0.9 0.9 318.1 3194 297.9 299.3 0.882
840 0.9 0.9 328.1 82D B 298 300.1 1.710
830 0.9 0.9 308 310.3 298 300 0.152
10 840 0.9 0.9 318 319.8 298 298.5 0.399
833 0.9 0.9 328 3294 298 298.7 0.858
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14 BAAF RN ERES LR F R ERZ B RE TR R
i %

Air gap T, NA(kg/mzh) NA(kg/mzh) Error
(mm) (K) Theo. Exp. (%)
308 0.593 0.558 6.23
1.9 318 1.496 1.453 291
328 2.742 2.687 2.05
308 0.338 0.322 5.01
4 318 0.879 0.799 9.98
328 1.678 1.731 3.02
308 0.151 0.149 1.48
10 318 0.404 0.420 3.86
328 0.801 0.858 6.62

% 15 J‘F%Ebf?"f‘- giis’? 4 kLT %F&—%E’-Eﬁ7 J"J\/?Fﬂ F%Epﬁ‘

£ #5830 W/m”

Air gap So VP, Nokg/m’h)  Ng(kg/m’h) Error
(mm) (W/m,) (K) Theo. Exp. (%)
825 308 0.631 0.577 9.38

1.9 823 318 1.552 1.595 2.74
829 328 2.819 2.837 0.66

833 308 0.360 0.333 8.08

4 869 318 0914 0.882 3.56
840 328 1.729 1.710 1.09

830 308 0.161 0.152 6.21

10 840 318 0.421 0.399 5.55
833 328 0.827 0.858 3.64
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s =2 4l kg 2> 1 A
$I% Bx#3tH%

4.0 $,=830 W/im’,T =25 °C
v =0.9 L/min,V’=0.9 L/min
35 Theo. Exp.
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= M A

Air gap(mm)
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Sy =830 W/m’, V,, =V/=0.9 L/min,T;=298 K
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s =2 4 ke 2} 2
$I% BEo3tE

4

3016 S Ha F RS RS s

1

\'N\..

SR R SR AR L SR AR R

a(l;lila)p S(W/my)  Vy(L/min)  V/(L/min) T, (K) T, (K) T (K) T,(K) (ifg 7;?{3

813 03 0.9 323 331 298 299.6 1.871

1'9 871 05 0.9 323 3233 298 299.3 1.950
849 0.7 0.9 323 3236 208 299.6 2.022

833 0.9 0.9 323 323.1 297.9 299.5 2.026

1117 0.3 0.9 323 325.3 298 300 2.075

L9 1101 0.5 0.9 323 324.7 298 300.3 2.076
1119 0.7 0.9 323 3245 298 299.3 2.051

1091 0.9 0.9 323 304 298 299.5 2.073

844 03 0.9 323 3244 298 299.8 1,306

4 860 0.5 0.9 323 323.5 298 299.7 1.344
841 0.7 0.9 323 323.7 298 299.9 1.296

840 0.9 0.9 323 3238 298 299.8 1201

1123 03 0.9 323 3243 298 299.7 1,366

\ 1115 05 0.9 323 324.1 298 299.6 1,387
1113 0.7 0.9 323.1 325 298 299.8 1.424

1096 0.9 0.9 323 323.6 298 299.7 1.460

0.3 0.9 322.9 321.2 298.1 298.7 1.241

) AGMD 05 0.9 322.9 3217 298.1 298.8 1,206
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