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Figure 1 (Color onli{{le) Schematic diagram of solar photothermal steam conversion. (a) Photothermal steam conversion of nanoﬂuid“sl; (b) thermal

localization structure!"”
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Figure 2 (Color online) The heat and mass transfer in a thermal
localization solar steam generation system[

1630

oc,,
TV (D Ve ) tu, Ve, =R, 2

TR T R B B A4 SR RS T B WA i
3. MyEDatta HIBISTY, TR R EZ AL R, AL
W B 41 I 5 4k B R oK fas Oy B R A I BT,
IV (<D Ve ) HND, B, o, RSk
L. ek, Sieas SR BEAR L, WAHEEEECDN, i,
HRE A R 80 B e 3R v s A o] ISR I
N Fu,. RAVEI, FonhzEk5 R I2EL, H
{H5 Y RTAEVRIR B o G, 28RV T LUGE i 25 7
s R T
oc
5

ZEIR M R K s RS o, AR RS
D, HiMillington&Quirk Jy FEitiid; 7K ZE M it idu,,
P XA BONZE VR B A R EE ;R AR,
FRZIA R POKRZES N s Ak, 5% 2P
IR BT i AR AL AR AR (R,,).

DL SRR SR S5 vh B A e B R, FEAL
5T, BUZEEH A AR AL R BE S T RS

‘;’g +V'(_Deffvcwg)+"wg'vcwg = Ry, 3)

oT
(pcp)ea—l TPt Cp.tot# mean * \Y T_kevz r= Qvap’ “)

Horb, R e 1 EIRAB BOHLBFR AR PR 280
RS PR R, IR0, 3 th T
PR, o BB R HIAES, ¢, o R ZETRRUK I
g R A, AR PR D 5 R 2 AR R R
SO ST B .

STIBUNESVAC =2 2 (W 8 S OE 0 o T VPO pd
J2 G5 R AL AL o A 5 AR AT FAAR RO BT S Ak,
[, S 1 SEBAEAR RGBT @Al z800 A, 16
BEXTEEMUEATRE R T, LIS/ RERARR. I3 T
PR AR G5 E R B RE /K 28 S it A rh 4% st
FE. ARG R, AR R (1) ASY
JEHRS BN TR AT RL A O RER; (2) TZH KL
R AT RS G; (3) TJZAP R 5 ) Fil 23
BRSPS TP (4) TRIEARHI KA A B 3
e, MERERSE, R 2 KK A RN g it
A L3 3 R 74 R B R e 40 SR R A
Anh = Aal — Aea(T* = Ty = AW(T— T,

A yyiers (%)

Horh, i R G RER, hy R KA, AT TG



P A

AT
ey

-9

MeES
B3 (MZROR @) SURSTRER

Figure 3 (Color online) Energy analysis diagram of the bilayer
structure
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Research advances on optimization of thermal localization
solar steam generation system based on heat and mass
transfer analysis
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The solar steam generation system has attracted tremendous research attention owing to its high conversion efficiency of
solar energy. Currently, solar steam generation systems have been widely studied. Initially, the nano-fluid has been used to
achieve solar steam generation, and then the thermal localization solar steam generation system is emerging as a new way
because of its potential high evaporation efficiency. In this review, we firstly introduce the basic heat and mass transports in
the thermal localization solar steam generation system, then sort out the underlying physics in the existing technology like
system structure design and material selection from the perspective of energy conservation, finally point out what else
could be further carried out to further improve the performance of the system.

The main progresses of related researches at present include: (1) The heat and mass transfer mechanism in the thermal
localization solar steam generation system was clarified and modeled for mathematical description, which could provide a
theoretical basis for the further improvement of the system structure design and also selection of suitable materials. (2) For
the light-to-heat conversion layer (the first layer), light-absorbing materials are selected mainly from two aspects such as
high light absorption in a wide spectral band and low heat emissivity in long wavelength band, thus to achieve high light
absorption performance and low heat radiation losses. At the same time, the size and spatial distribution of materials like
nanoparticles on the surface of the first layer should be optimized to achieve a high light-to-heat conversion efficiency. (3)
The porosity and thickness of the thermal insulation supporting layer (the second layer) will affect the heat loss, capillary
and water supply rate. Therefore, there is an optimal porosity and thickness to minimize heat loss while ensuring the proper
water supply rate. (4) In addition to the structure, environment can also have an important impact on the evaporation
efficiency, including air flow rate, air relative humidity, air and water temperature, and the relative temperature difference
between environment and bulk water. As the air velocity increases, the evaporation rate first increases because of
disturbance from the air then becomes stable. As the relative humidity increases, the evaporation rate decreases almost
linearly. The evaporation efficiency of the system is approximately linearly related to the ambient air temperature and also
bulk-water temperature, besides higher ambient temperature and water temperature could improve the evaporation
performance of the system.

Some bottlenecks that limit the practical application of the thermal localization solar steam generation system were also
summarized to highlight the potential focus of future work. Although the light-heat-steam conversion efficiency has been
continuously increased, there is still much room for further enhancement. For example: (1) The material involved in the
system should be further improved for meeting the requirement of large-scale application, long working life and good
environmental adaptability; (2) it is still necessary to further examine the optimization of the first layer of microstructure
and the selection of materials from the perspective of near-field radiation to achieve high light-heat-steam conversion
efficiency; (3) the evaporation efficiency is expected to be further improved by methods like absorbing heat from
environment and also by recycling utilization of vapor latent heat. These methods are expected to give a much high
evaporation efficiency, even much larger than 100%. Besides evaporation efficiency, there are still some technical
limitations that should be overcome, including precipitation of salt on surface, large-scale application related problems, and
water-supply, solar-energy matching issues, etc.

heat and mass transfer, photo-thermal conversion, solar energy, desalination
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