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Fig. 1 Schematic drawing of vertical tubular solar seawater

distillation device

BB AT R 2 HERE 7 I SR BH AEHE
IKIRACZE BRI e T2 7oK & 4 KA
HEA BT IMHAOKAE 9 SRR T WK AR 10 H 24
T FAKCRE H K AR H R BH B B 3 R 48 sl T i it
F IR T, WK RE IR K 32 Rk B AR K
U H BBV BEIE WA U URIR & A& A% i, TR i

T Uk AT 2 7 P B T B 235 A IR /K O 90 i B I
REROKWCHEREN , R FATER 17 dERp 5 BN
PARSEZR: DN OEY i< 8

U A5 R BH R Tk 7K IR A 26 14 (B A FE e A 2
S G AOR A2 IR LR B AR L, o i iri FR
/N TR RE ST HEA A FAARBH /)N, v S5 T AR A= R
TR MR o d a8 I G BOnT A ROR K 25
LRI B 2 B AR I ACR BRIL LASD , i TR
PERHE BOSAE A1 2 1] LA SE B [ FA T RE , 1 o 2
9 52 A o A SO I b /N i A T 2 A v B T
ANBE A FEAE RE S w5 1 T U6 5 R B e
Gt o

2 KERNEMERERIIES T

WA K B R T 7K IR A 2 " R S T 7K R R 32 A
FI R X0 W 228 A 3t R 4% oh 2 V% Bk I 22 5 R 1 A%
PO A ZoniR & R 2 S R E T R .
B e DA 2 PN 2 T VAR B 1) v G T 1Y AR 1%
AT PR AR I DL e 28 A AT R . KRR
BESS B T AL AL AL BV R HMRE T, LAXS Ui
FIR SIS 23 Al
TR HE BN K ZE S RN B 2R G B
SOK T AL K 22 AL TR AR o 0 T 3 A 2
P E SR A R AR AT F 2 (D) I RA AR -
Nu=Cx(GrxPr)" (1)

A, Nu B IEIRFFEL; Gr s PI e KL
Pr WIRREG €0 m ——FEL

(D) H Y B AR A% Bt 72 38 mT A T (2)
JnLA#A -
Ra=GrXxPr (2)
K, Ra T FEK
TEIBAT IR, 2 B N 28 A T 5 V% 8k T 22 R A
FEIK RN 5 B 22 5 | A% i 23 X B SR i A% 34
AR R R AAE R, B, 2 (2) i AR 7 e R
BOHATIEIE , Hat A
oo ﬁxszg X(M{,’TF _1] (3)
. M'T,
K, | — IR EFFIER ST m; p HKHEHN
REYEE, kegm’s pu— 31 J1EHE , N+ s/m’;
M —— KW EE R L T WREE; TR el
ZE AV BET ; T s m——SKIBG W

C



2246 XK [H

s 404

p

X F Ra < 10° B9 8% ZEJR K0T HH Churchill #
SHBA X I E
0.67 % Ra025 (4)

0.492 16
{H( s )}
BRI i a2 (5) 1A

pr="E (5)

S, ¢, —— B KR E T HES, U (kg KO
b ——TAEA RIS, W/ (KD
YYER P AL S BOF RT WSCHR 16 ).

3 NI RG R ALZE

U 45 R BH R 16 /K IR A2 i B A TR b A & s
MR ASGE A 304 1 [B SR T A . A T & 5K
FH 2 B 0B K A 2R Bl AN 55 4 IR 7, LA
7102 mm, KB 970 mm, 2K K @B R 0.29 m*,
IR AR BR A R, ANE AR ER 5 R —JE
M 3% 42 55 I FAOK G A1 BE T Y i 2% K v i,
2K 159 mm, K58 980 mm, PR [R5 _L 3RS BN
SR IR R IR AL, Wl B 2K

I A T U HE K R TE B 5 00 e P A Bk
A DR IE RS B AR 5P R R TR IR AR R —
o REAERIE AP T LR = N IET,
B SRR MK, R RIRZE/NT 3% BT
KEAREHERE AT , TCIE PRUE IS his 17 4
ZARFFEMNXZORIE B N, o TS RS E
FHHL I AR BERUR PHAE LR R G0 . 48 N 45 A3
B K AV I AS 1R 25 0 £0.5 C L 8UE R £
P TCAGIE A S R A B[RRI A 1 mine 2685
FEAGH R IR AR [ 7 TR TR A 3, 2
B ERE 7 B &R I, 15228 A +1.0 kPa, %8
TFA SR AR A AR BRSNS HUF 58 5 %, 75 (R IE s
TSR, = N IREEEHIFEZ) 25 °C, 265
23S < 1 m/s,

FEAR I8 DK, 43 0 DU A 0 3R A IR 2
FEHATR . MR %43 I A 2 AMASW
TR AR B A [ AR B B AT 5 T P KR 2K
RV BRI 22 W LT I ek A B L B HE v vl K Il
SEVEATI AN AT, e B AR 2 B . AR
Bn A L PSR A AR E N HAXT

Nu=0.68 +

o[+

Wt Y Nu 5 Ra HIBERX R,

E 4

K2 RIS RS A

Fig. 2 Photograph of experimental set-up
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Fig. 4 Effects of different non-condensable gases on
evaporation and condensation temperature difference of

device under controlled heating temperature
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Table 1

Thermal diffusivity of air and helium under different

heating temperature
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Table 2 Effects of different non-condensable gases on vertical temperature gradient of device

TR C 55 60 65 70 75 80
e e i 48.5 53.5 58.7 64.2 69.3 75.3
VBERNEE (25 5)/C

T 44.1 49.2 54.1 60.1 65.2 71.7

+ 50.6 55.4 59.8 64.8 69.9 74.7
RN E (A)/C

F 50.5 55.2 59.9 64.9 69.8 74.9
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Fig. 5 Effect of different non-condensable gases on brine
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novel multi- effect vertical concentric tubular solar

EFFECTS OF NON-CONDENSABLE GASES ON PERFORMANCE OF
VERTICAL TUBULAR SOLAR SEAWATR DESALINATION DEVICE

Chang Zehui', Li Jianye', Li Ruichen', Li Yixuan', Hou Jing’, Li Wenlong'
(1. College of Energy and Power Engineering , Inner Mongolia University of Technology, Hohhot 010051, China;
2. College of Mechanical Electrical Heating and Ventilation Engine , Inner Mongolia Technical College of Construction ,
Hohhot 010070, China; 3. School of Chemical Engineering, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: A novel vertical tubular seawater desalination unit which can be driven by solar energy had been designed
and constructed, with an aim to investigate the effects of non-condensable gases on restraining the condensation heat
transfer process. An experimental and theoretical analysis are carried out to investigate how the water yield, evaporation
and condensation temperature difference, temperature gradient along vertical surface, and thermal diffusivity coefficient
are affected by non-condensable gases, which are selectedas air and helium. The research results indicate that, when the
heating temperature is 80 °C and the carrier gas is helium gas medium, the water yield can reach to 245 g/h. Tt is
increased by 15.0% than the carrier gas of air. The temperature difference between the top shell and bottom shell is about
0.1 °C. A new empirical correlation for the Nusselt number and Rayleigh number was fitted by using a consolidated data
as the carrier gas is helium gas medium. The Nusselt number attenuated exponentially with the Rayleigh number, the
adjusted R’ value for the data fit was 0.9926.

Keywords: solar energy; desalination; performance; non-condensable gas; condensation



