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Abstract 
In this paper, a new solar distiller floating on ocean with cylindrical surface concentrator and vertical gap evaporator is proposed for 
solving the problem of freshwater shortage in islands. When the distiller is floating on ocean, the vertical gap will fill with seawater 
automatically due to the siphon effect of hydrophilic material. Then the seawater is heated to generate vapor when the incidence sunlight 
is concentrated to the gap by the cylindrical concentrator. Finally, the vapor reaches the arched transparent glass at the top of the device 
and condenses to produce fresh water. Optical simulation for the solar distiller is carried out to find the optimal radius of the cylindrical 
concentrator and the height of the vertical gap. The results indicate that when the radius and height is 6 cm and 5 cm respectively, 80% 
of the sunlight number within the incidence angle of 45° can be captured by the seawater in the vertical gap. The annual optical 
performance of the distiller is analyzed for the region within 17° north latitude. As the result, the device placed in east-west direction 
possesses superior performance. There are more than 10 working hours and 5 working hours in which the reception rate is more than 
80% in summer solstice and winter solstice respectively. In autumnal equinox, there are more than 11 working hours with the reception 
rate exceeding 90%. Energy balance analysis for the whole system is carried out and the stable evaporation rate per unit solar collector 
area increases gently from 0.12 g/ (m2‧s) to 0.65 g/(m2‧s) when the solar irradiance increases from 500 W/m2 to 1000 W/m2. 

© 2021 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/). 

 

1. Introduction
The shortage of freshwater has always been a big dilemma for the 
economic and social development of some regions, especially in 
islands and some coastal areas. Facing the above challenge, it is of 
great significance to utilize rich seawater and solar radiation 
resources in these regions to produce freshwater. Distillation is 
one of the simplest forms of solar desalination. 

Different scholars have adopted different distillers to improve 
freshwater production. Thermal and optical analysis indicates that 
optimizing the parameters of the concentrator such as the shape 
and size can enormously improve the light reception rate [1]. 
Goswami et al. [2] used a triangular concentrator to collect the 
solar radiation on the two sides of the absorber so as to obtain the 
high evaporation temperature. Jebasingh et al. [3] gave an 
assessment for the potential possibility of applying parabolic 

concentrator in seawater desalination. It is indicated that the 
performance of the distiller with parabolic concentrator will be 
improved due to the elevation of evaporation temperature. 
Chaouchi et al. [4] combined a parabolic dish concentrator with a 
solar still and built a small solar desalination unit. The operating 
temperature of this unit is improved significantly, and its 
theoretical efficiency and experimental efficiency reached 68% 
and 42% respectively. Furthermore, with a much larger reception 
angle range, compound parabolic concentrator (CPC) and 
cylindrical concentrator (CC) have been adopted in various stills 
[5,6]. For example, Yadav et al. [7] combined a compound 
parabolic concentrator with a solar still, thereby increasing the 
thermal efficiency of the system to 43.2%. 

In order to further assess the optical characteristics of the solar 
concentrators in complex structures, the computer-aided optical 
simulation method has been extensively used to calculate the 
primary parameters [8]. A concentrator with a different 
deformation ratio was proposed by Liang et al. [9]. And the key 
parameters of the concentrator including concentrator ratio, light 
reception rate and maximum energy density were calculated with 
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respect to deformation rate. Similarly, Liu et al. [10] optimized the 
structure of a multi-surface solar concentrator by raising the height 
of the involute through the optical simulation. Eventually, the 
average light reception rate of 0.868 can be achieved.  

The development of stills and concentrators in large scale and 
complex structure indeed help to improve the efficiency of the 
system. But those distillers will take up too much land area, 
causing an extra cost. In order to reduce the land occupation and 
simplify the pipeline system, some scholars propose various 
floating solar distillation units and apply it to marine agriculture. 
Wang et al. [11] proposed the concept of floating solar 

desalination membrane, designed and optimized the concentrating 
system by optical simulation. As a result, a more reasonable 
structure of the concentrating system, including concentrator size 
and concentration ratio, is obtained and applied to seawater 
desalination. For lessening the device size and shortening mass 
transfer distance, Shafieian et al. [12] used the heat pipe instead of 
seawater tank as an evaporation and condensation vessel. It is 
found that reasonable matching of concentrator and heat pipe can 
improve the efficiency of seawater desalination. Thus, to say, a 
combination of solar energy concentrating technology with 
seawater distillation technology, several special solar desalination 

Nomenclature 
r Radius (mm) 
θ Light incidence angle (o) 
h Height of the gap (mm) 
α Altitude angle (o) 
β Opening angle (o) 
ηr Reception rate  
Q Energy density (W/m2) 
γ Solar azimuth angle (o) 
h1   Coefficient of convective heat transfer between the ambient and top arched transparent glass (W/m2‧K) 
h2   Coefficient of convective heat transfer between air in the condensation cavity and top transparent glass (W/m2‧K) 
h3   Coefficient of convective heat transfer between air in the condensation cavity and surface of condensation cavity 

(W/m2‧K) 
h4   Coefficient of convective heat transfer between the condensation cavity and evaporation surface (W/m2‧K) 
h5   Coefficient of the convective heat transfer between air in the concentration cavity and vertical gap (W/m2‧K) 
hfg Latent heat of water (W/m2‧K) 
P2   Water vapour saturated pressure at T2 (Pa) 
P5 Water vapour saturated pressure at T5 (Pa) 
Ɛ1   Emissivity of top transparent glass 
Ɛ2   Emissivity of evaporation surface 
F31   View factor between top transparent glass and evaporation surface 
Id   Solar irradiances (W/m2) 
τ1   The transmittance of the top transparent glass 
τ2   The transmittance of the concentration cavity 
ρ The reflectivity of the reflective surface 
Me Evaporation rate per unit aperture solar collector area (g/m2‧s) 
T1   The ambient temperature (K) 
T2   Evaporation surface temperature (K) 
T3   The average temperature of concentration cavity (K) 
T4   The average temperature of the condensation cavity (K) 
T5   The average temperature of the top arched transparent glass (K) 
A1   Area of top arched transparent glass (m2) 
A2 Area of the contact surface between the concentration cavity and condensation cavity (m2) 
A3   Area of evaporation surface (m2) 
A4   Area of the contact surface between the concentration cavity and vertical gap (m2) 
Qsi,1 Total energy entering the system (W) 
Qsi,2   Solar energy flux absorbed by the concentration cavity (W) 
Qsi,3   Solar energy flux absorbed by the vertical gap (W) 
Qsi,4   Solar energy flux absorbed by the surface of condensation cavity (W) 
Qcv,2,4   Convective heat flux of air in the condensation cavity and evaporation surface (W) 
Qcv,3,4   Convective heat flux of the air in the condensation cavity and surface of concentration cavity (W) 
Qcv,4,5 Convective heat flux of the air in the condensation cavity and surface of condensation cavity (W) 
Qcd,2,3 Conduction heat transfer from vertical gap to concentration cavity (W) 
Qcv,2,3   Convective heat flux of air in the concentration cavity and vertical gap (W) 
Qcv,5,1 Convective heat flux of the external environment and surface of condensation cavity (W) 
Qr,5,2 The radiation heat transfer of the surface of condensation cavity and evaporation surface (W)  
Qcds   Heat produced by evaporation of seawater (W) 
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devices can be designed. So far, the existing systems are still 
energy consuming, occupation uncontrollable and not constructive 
to the promotion to the remote area. 

To make the distiller system more compact, the vertical 
interface finite space can further simplify the process of seawater 
collection, evaporation and condensation [13]. Generally, 
capillary or hydrophilic material can be filled into the interface 
finite space to draw the transportation and accumulation of 
seawater. When a conventional seawater tank is occupied, the 
seawater is driven by the capillary force at the evaporation surface 
rather than the pumping power [14,15]. Furthermore, trapped in 
the micro-pores narrow channel with lower thermal conduction 
and convection effect, the seawater is favorable for effective steam 
generation and desalination by localized heating. Particularly, 
modified by functional materials on the interface, the evaporation 
performance can be significantly enhanced [16]. For example, a 
low-grade heat-driven desalination system is proposed. The 
system combines with an open-loop heat pipe and capillary effect 
without any additional mechanical energy input, achieving the 
thermal conversion efficiency of 65.2% at a heat source 
temperature of 34 oC and 90.7% at 60 oC [17]. Moreover, solar-
driven interfacial evaporation has attracted more attention. And 
solar absorbers, evaporation structures, thermal insulators and 
thermal concentrators are considered as the parameters for 
optimization [18]. However, most of the existing researches are 
focused on the capillary. But the researchers put less emphasis on 
a two-dimensional vertical gap used in many practical situations 
[19,20]. The two-dimensional structure leads to a reduction of 
solar radiation absorption, thereby the reduction of the reception 
rate and freshwater productivity. Both the style of concentrator 
and structure of vertical gap have an interacted influence on the 
efficiency of the unit, but the potential effect and underway 
optimization are less reported. Furthermore, to make the desirable 
distiller applicable for practical purposes, the energy density and 
reception ratio of the concentrator and water productivity during 
the whole year need further assessment [21]. 

Therefore, a new solar distiller floating on the ocean with 
cylindrical surface concentrator and vertical gap evaporator is 
proposed, which does not occupy the valuable land area and 
provides fresh water for coastal residents. The device uses a 
cylindrical concentrator to concentrate light into the vertical gap 

to heat the seawater directly, which can significantly improve the 
evaporation efficiency of seawater and effectively reduce the heat 
loss in transportation. With an integrated design, the device 
behaves simple and compact in structure, which becomes 
convenient to assemble or build and beneficial for heat 
preservation. Aiming at this device, the optical simulation and 
optimal design of the concentrating system are carried out under 
different structures of concentrator and heights of the gap. The 
annual concentrating performance and stable evaporation rate per 
unit aperture solar collector area within the region of 17° north 
latitude is analyzed which provides the theoretical basis for this 
kind of floating solar seawater desalination. 
 
2. Working principle 
The structure of the solar distiller with cylindrical surface 
concentrator and vertical gap absorber is illustrated in Fig. 1. The 
device is principally composed of top arched transparent glass, 
cylindrical concentrator, vertical gap, absorbent cloth (polyester 
fiber) and freshwater trough. With the simple but effective 
structure, it can be used for a large number of horizontal splicing 
to increase floating stability and realize large-scale seawater 
desalination. The schematic diagram of the system is shown in Fig. 
2. The sunlight passes through the top arched transparent glass and 
will be concentrated by the cylindrical concentrator to directly 
heat the seawater accumulated in the vertical gap filling in the 
absorbent cloth. The vapor generated in the gap goes upward to 
the condensation chamber. And then, some small water drops are 
formed due to the condensation by the top arched transparent glass 
at a lower temperature. The water drops flow slowly along the 
curved surface and drop into the freshwater trough. Particularly, 
the absorbent cloth in the vertical gap will always fill with 
seawater automatically because of the siphon effect of the 
absorbent cloth. 

The vertical gap with microstructure has very little thermal 
inertia, which can make the temperature of seawater rise faster 
because of the heating of light. Based on that, the evaporation 
performance of the device can be significantly improved. The 
concentrator is installed in the sealed cavity to keep it as clean as 
possible, thus maintaining high concentrating efficiency. 
 

 
Fig. 1. The structure of the solar distiller with cylindrical surface concentrator and vertical gap evaporator. 
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3. Structure design of concentrator and vertical gap 
3.1. Selection of concentrator 
For the solar distiller studied in this paper, the performance of the 
concentrator determines the efficiency of the whole system. 

First of all, the selection of a concentrator convenient to splice 
plays a significant role to achieve large-scale seawater 
desalination. Therefore, triangular concentrator (TC), CPC and 
cylindrical concentrator (CC) are adopted and compared for 
optical efficiency. In these cases, the height and width of the 
central vertical gap remain consistent for comparison, which are 
set as 6 cm and 2 mm, respectively. In the process of selecting the 
TC, it is found that a large amount of light will be directly reflected 
and escape from the concentrator so that the concentrator cannot 
converge the light to the central vertical gap when the opening of 
the concentrator is large enough. Therefore, the opening of 90° 
and 40° for TC are selected for comparison. As for CPC, the width 
of both the exit of the light and gap is required to keep the same in 
2 mm. However, considering a larger opening can receive more 
light but leads to an unwillingly narrow and long CPC structure, 
the opening can be enlarged by 40° during modeling. The structure 
of the concentrators is shown in Fig. 3. 

The reception rate of the TC, CPC and CC with different light 
incidence angles are shown in Fig. 4. The results show that the 
reception rate of the triangular concentrator will be sharply 
reduced with the increase of incidence angle. Compared with CPC, 
the reception rate of the CC is slightly better and it is also easier 
to manufacture. Therefore, for matching the vertical gap 
evaporator, the CC has better concentrating performance and 

simpler processing technology, which can better meet the 
requirements of the distiller for the concentrator. Hence, the 
following optical simulation and analysis specially aim at CC. 
 
3.2 Initial size design of cylindrical concentrator 
The radius of the cylindrical concentrator relates to the height of 
the vertical gap. Before the simulation, the water absorption of 
absorbent cloth (polyester fiber) should be studied. In the 
preliminary experiment, we found that the absorbent cloth could 
be quickly wetted more than 10 cm. The shorter transport distance 
of vapor in the vertical gap is useful to reduce heat loss. Based on 
that, the initial height of the vertical gap is suggested as shorter 
and possible. Combined with the result of preliminary 
experimental, the height of the vertical gap is initially determined 
as 6 cm. The variation of reception rate of the cylindrical 
concentrator with light incidence angles for different radius of 
cylindrical concentrator is compared in Fig. 5. It can be concluded 
that when the radius of the concentrator increases, the reception 
rate decreases faster with the increase of light incidence angle. 
Fortunately, based on the concentrator radius of 6 cm, the 
reception rate is always above 98% and has little correlation with 
the light incidence angle. Thus, the concentrator radius of 6 cm is 
a better choice at the vertical height of 6 cm. 
 
3.3 Size optimization of vertical gap 
On the condition that the concentrator is 6 cm in radius with a 
combination of the vertical gap in the height of 6 cm, the reception 
rate of the concentrator is noticeably above 98% with regard to the 

 
Fig. 2. The schematic diagram of the system. 
 

 
Fig. 3. The schematic diagram of different types of concentrators (a: cylindrical concentrator (CC), r = 6 mm, b: triangular concentrator (TC), β = 40°, c: triangular 
concentrator (TC), β = 90°, d: compound parabolic concentrator (CPC), β = 40°). 
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light incidence angles from 0o to 45o. Furthermore, with the 
consideration of material saving, concentration ratio improvement 
and vapor transportation distance shorten as much as possible, the 
height of vertical gap need further optimized. The variation of 
reception rate of the cylindrical concentrator with light incidence 
angles for different heights of gap is compared in Fig. 6. The 
results indicate that though the light incidence angle increases to 
45o, the reception rate can definitely attain 80% when the gap 
height exceeds 5 cm. Combined with the transportation distance 
of vapor and concentration efficiency, the gap height of 5 cm is 
the most appropriate for the cylindrical concentrator in the radius 
of 6 cm. 
 
3.4 Analysis of ray number independence 
In the optical simulation, the number of lights entering the device 
is set to 100, 1000 and 10000 with the light incidence angles from 
0° to 45°. The variation of reception rate of the cylindrical 
concentrator with light incidence angles for different incidence 
light numbers is compared in Fig. 7. It can be seen that the 
reception rate tends to be consistent when the number of incidence 
light reaches 1000 and 10000. From above analysis, it can be 
concluded that the reception rate of the concentrator converges 
when the number of simulated lights attains 1000. 
 
4. Analysis of optical performance 
4.1 Energy density analysis 
In LightTools software, the surface source with the parameter of 
20 cm × 20 cm and the direct light with the energy density of 1000 
W/m2 are set to obtain the energy density cloud map on the 
reception surface. The bottom of the reception surface of the 
vertical gap serves as the origin in the energy density distribution 
map. It can be seen from Fig. 8 that the position of the peak value 
of energy density on the left side of the reception plane will 
gradually move down as the light incidence angle increases from 
0°. Meanwhile, the peak value of energy density presents a 
decreasing trend. By comparison, the peak energy density on the 
right side will gradually move up oppositely. It can be also found 
that the value of peak energy density on the left reception surface 
has disappeared when the incidence angle reaches 50°, which 

 
Fig. 4. The variation of reception rate of triangular concentrator, CPC and 
cylindrical concentrator with different light incidence angles. 

 

 
Fig. 5. The variation of reception rate of the cylindrical concentrator with light 
incidence angles for different concentrator radius. 

 

 
Fig. 6. The variation of reception rate of the cylindrical concentrator with light 
incidence angles for different heights of vertical gap. 

 
Fig. 7. The variation of reception rate of the vertical gap with light incidence 
angles for different incidence light numbers. 
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demonstrates that the left side of the reception surface can receive 
light directly to some extent. 

The variation curve of energy density on the whole reception 
surface with different heights of the gap under different incidence 
angles is displayed in Fig. 9. It can be observed that when the 
incidence angle is 0°, the peak energy density is as high as 17925 
W/m2. With the increase of the light incidence angle, the peak 
position of the energy density on the reception surface gradually 
moves down. Meanwhile, the peak energy density performs a 

similar decreasing trend. Particularly, considering that the peak 
position approaches to the seawater surface at the bottom of the 
gap, the seawater accumulated in the vertical gap can be directly 
heated by the concentrated light from the concentrator effectively 
even at a low position. 
 
4.2 Size optimization of vertical gap 
Since determining the optimal structure and parameters of the 
concentrator and gap (r = 6 cm, h = 5 cm), it is of great necessity 
to assess the variation of solar altitude angle, light incidence angle 
and reception rate with time in typical geographical area. In order 
to obtain the light incidence angle during the whole day, geometric 
analysis is carried out as follows. 

Figure 10 depicts the relationship among solar altitude angle (α), 
solar azimuth angle (γ) and light incidence angle (θ1). Among them, 
line MA represents the solar light, surface ABCD represents 
ground-piston, line MC is identified as the normal of ground-
piston. The line AD is regarded as the north-south direction line 
while the line AB is the east-west direction line. The plane BCM 
represents the normal plane on the east-west line AB, and the line 
MB is the projection of the solar light on the normal plane BCM of 
the east-west direction line. The line MD is identified as the 
projection of the solar light on the plane ECD, which represents 
normal plane of the north-south direction. 

When the device is placed in east-west direction, the geometric 
relation in Fig. 10 satisfies Eq. (1): 

𝑀𝑀𝑀𝑀������⃗ = 𝑀𝑀𝑀𝑀������⃗ + 𝑀𝑀𝑀𝑀�����⃗       (1) 

Since line 𝑀𝑀𝑀𝑀�����⃗  is in the same direction as the device, and the 
effective part of the solar light 𝑀𝑀𝑀𝑀������⃗  to the device can be regarded 
as 𝑀𝑀𝑀𝑀������⃗ . Thus, the angle between 𝑀𝑀𝑀𝑀������⃗  and the ground-piston can be 
regarded as the light incidence angle (θ1) in east-west direction 

When the device is placed in north-south direction, the 
geometric relation in Fig. 10 satisfies Eq. 

𝑀𝑀𝑀𝑀������⃗ = 𝑀𝑀𝑀𝑀������⃗ + 𝑀𝑀𝑀𝑀�����⃗       (2) 

Since line 𝑀𝑀𝑀𝑀�����⃗  is in the same direction as the device, similarly 
the effective part of the solar light 𝑀𝑀𝑀𝑀������⃗  to the device can be 
regarded as 𝑀𝑀𝑀𝑀������⃗ . Thus, the angle between 𝑀𝑀𝑀𝑀������⃗  and the normal of 
the ground-piston can be regarded as the light incidence angle (θ2) 
in south-north direction. 

According to the geometric relationship of the angles in the Fig. 
10, the light incidence angle θ1 and θ2

 can be calculated in Eq. (3) 
and Eq. (4), respectively. 

tan𝜃𝜃1 = cos𝛾𝛾
tan𝛼𝛼

      (3) 

tan𝜃𝜃2 = sin𝛾𝛾
tan𝛼𝛼

      (4) 

 
4.3 Annual optical performance analysis 
An area at 17° north latitude is selected as the typical operation 
location for the device, and the variation of solar altitude angle (α), 
solar azimuth angle (γ) and light incidence angle (θ1/θ2) with time 
from 6:30 to 17:30 in summer solstice, autumnal equinox and 
winter solstice are illustrated in Fig. 11, respectively. It can be seen 
that the reception rate can exceed 80% more than 10 hours, even 
90% at least 8 hours at summer solstice when the device is placed 
in east-west direction. In autumnal equinox, there are more than 

 
Fig. 8. The energy density cloud map on the reception surface. 
 

 
Fig. 9. The variation of energy density on the whole reception surface with the 
height of the gap in different incidence angles. 
 

 
Fig. 10. The geometric relation of sunlight and incidence light angle. 
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11 hours during the whole day when the reception rate can reach 
90%. Particularly, the reception rate can reach 80% at least 5 hours 
and 70% at least 8 hours in winter solstice. Because the device is 
placed in the east-west direction, it will be able to achieve effective 
concentration throughout the year as long as the concentrator can 
effectively concentrate light in winter solstice in the northern 
hemisphere. Therefore, when the device is placed in east-west 
direction, it can achieve effective concentration all year round. 

As depicted in Fig. 11, when the device is placed in south-north 
direction, the reception rate can exceed 80% for more than 6 hours, 
which exceeds 90% at least 4 hours during the day of summer 
solstice. In autumnal equinox, there are more than 6 hours with the 
reception rate larger than 80% and 3 hours with the reception rate 
larger than 90%. Besides, the reception rate can reach 80% at least 
5 hours and 70% at least 6 hours in the winter solstice. 

It is suggested that when the concentrator operates in the regions 
within 17° north latitude, placing the concentrator in east-west 
direction is the better choice for a larger reception rate. 
 
5. Energy analysis and theoretical water production 
calculation 
5.1 Energy analysis of the system parts 
In order to theoretically predict the water production performance 
and solar energy utilization efficiency of the solar distiller, energy 
balance is carried out to provide a basis to theoretical analysis. 

The energy flow in the system is depicted in Fig. 12. The 
temperatures of important locations in the device and coefficients 
of convective heat transfer are shown and can be referred in the 

 
Fig. 11. Solar altitude angle, light incidence angle and reception rate varying with time in east-west direction (E-W) and south-north direction (S-N), respectively (a: 
summer solstice, b: autumnal equinox, c: winter solstice). 
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nomenclature table. Arrows in the diagram represent the direction 
of energy transmission. 

In order to simplify the calculation process, some reasonable 
assumptions are made as follows: 
1. The surface of the concentrator in contact with the seawater 

is assumed as adiabatic. 
2. The temperature of all parts of the system is assumed as 

uniform 
Based on heat transfer relationships, the energy balance analysis 

of each part of the system is carried out as follows: 
1. Total energy entering the system 

The total energy entering the system can be obtained as Eq. 
(5). 

𝑄𝑄𝑠𝑠𝑠𝑠,1 = 𝐼𝐼𝑑𝑑𝑀𝑀1      (5) 
2. Energy analysis of the condensation cavity 

Eq. (6) is given to express the energy transfer relationship for 
the condensation cavity. 

𝑄𝑄𝑐𝑐𝑐𝑐,3,4 + 𝑄𝑄𝑐𝑐𝑐𝑐,2,4 + 𝑄𝑄𝑐𝑐𝑐𝑐,4,5 = 𝑐𝑐𝑝𝑝,4𝜌𝜌4𝑣𝑣4
𝑑𝑑𝑑𝑑4
𝑑𝑑𝑑𝑑

   (6) 

Qcv,3,4 is defined as the convective heat flux between the air in 
the condensation cavity and the surface of the concentration 
cavity. Qcv,2,4 is defined as the convective heat flux between 
the air in the condensation cavity and the evaporation surface. 
And Qcv,4,5 is defined as the convective heat flux between the 
air in the condensation cavity and the surface of condensation 
cavity. They could be calculated by Eqs. (7), (8) and (9). 

𝑄𝑄𝑐𝑐𝑐𝑐,3,4 = 𝑀𝑀2(𝑇𝑇3 − 𝑇𝑇4)ℎ3     (7) 
𝑄𝑄𝑐𝑐𝑐𝑐,2,4 = 𝑀𝑀2(𝑇𝑇2 − 𝑇𝑇4)ℎ4     (8) 
𝑄𝑄𝑐𝑐𝑐𝑐,4,5 = 𝑀𝑀1(𝑇𝑇5 − 𝑇𝑇4)ℎ2     (9) 

3. Energy analysis of the concentration cavity 
Eq. (10) is given to express the energy transfer relationship 
for the internal energy change rate of the concentration cavity. 

𝑄𝑄𝑠𝑠𝑠𝑠,2 + 𝑄𝑄𝑐𝑐𝑐𝑐,2,3 − 𝑄𝑄𝑐𝑐𝑐𝑐,3,4 + 𝑄𝑄𝑐𝑐𝑑𝑑,2,3 = 𝑐𝑐𝑝𝑝,3𝜌𝜌3𝑣𝑣3
𝑑𝑑𝑑𝑑3
𝑑𝑑𝑑𝑑

  (10) 

Qsi,2 is defined as the solar energy flux absorbed by the 
concentration cavity. Qcd,2,3 is the conduction heat transfer 
from the vertical gap to the concentration cavity. And Qcv,2,3 

is defined as the convective heat flux between the air in the 
concentration cavity and the vertical gap. 
𝑄𝑄𝑠𝑠𝑠𝑠,2 = 𝐼𝐼𝑑𝑑𝑀𝑀1𝜏𝜏1(1 − 𝜏𝜏2)     (11) 
𝑄𝑄𝑐𝑐𝑐𝑐,2,3 = 𝑀𝑀4(𝑇𝑇2 − 𝑇𝑇3)ℎ5     (12) 

𝑄𝑄𝑐𝑐𝑑𝑑,2,3 = 𝑘𝑘𝑘𝑘4(𝑑𝑑2−𝑑𝑑3)
𝛿𝛿

     (13) 

4. Energy analysis of the vertical gap 
Eq. (14) is given to express the energy transfer relationship 
for the internal energy change rate of the vertical gap. 

𝑄𝑄𝑠𝑠𝑠𝑠,3 + 𝑄𝑄𝑟𝑟,5,2 − 𝑄𝑄𝑐𝑐𝑐𝑐,2,4 − 𝑄𝑄𝑐𝑐𝑑𝑑 ,2,3 − 𝑄𝑄𝑐𝑐𝑑𝑑𝑠𝑠 − 𝑄𝑄𝑐𝑐𝑐𝑐,2,3 = 𝑐𝑐𝑝𝑝,2𝜌𝜌2𝑣𝑣2
𝑑𝑑𝑑𝑑2
𝑑𝑑𝑑𝑑

  (14) 
Qsi,3 is defined as the solar energy flux absorbed by the 
vertical gap. Qr,5,2 is the radiation heat transfer between the 
surface of condensation cavity and the evaporation surface. 
And the heat produced by the evaporation of seawater is Qcds. 
𝑄𝑄𝑠𝑠𝑠𝑠,3 = 𝐼𝐼𝑑𝑑𝑀𝑀1𝜏𝜏1𝜏𝜏2𝜌𝜌     (15) 

𝑄𝑄𝑟𝑟,5,2 = 𝜎𝜎�𝑑𝑑2
4−𝑑𝑑5

4�
1−𝜀𝜀1
𝐴𝐴1𝜀𝜀1

+ 1
𝐴𝐴1𝐹𝐹31

+1−𝜀𝜀2𝐴𝐴3𝜀𝜀2

     (16) 

𝑄𝑄𝑐𝑐𝑑𝑑,2,3 = 𝑘𝑘𝑘𝑘4(𝑑𝑑2−𝑑𝑑3)
𝛿𝛿

     (17) 

5. Energy analysis of the surface of condensation cavity 
Eq. (18) is given to express the energy transfer relationship 
for the surface of condensation cavity. 

𝑄𝑄𝑠𝑠𝑠𝑠,4 + 𝑄𝑄𝑐𝑐𝑑𝑑𝑠𝑠 + 𝑄𝑄𝑐𝑐𝑐𝑐,4,5 − 𝑄𝑄𝑐𝑐𝑐𝑐,5,1 + 𝑄𝑄𝑟𝑟,5,2 = 𝑐𝑐𝑝𝑝,5𝜌𝜌5𝑣𝑣5
𝑑𝑑𝑑𝑑5
𝑑𝑑𝑑𝑑

 (18) 

Qsi,4 is defined as the solar energy flux absorbed by the surface 
of condensation cavity. Qcv,5,1 is defined as convective heat 
flux between the external environment and the surface of 
condensation cavity. 
𝑄𝑄𝑠𝑠𝑠𝑠,4 = 𝐼𝐼𝑑𝑑𝑀𝑀1(1 − 𝜏𝜏1)     (19) 

𝑄𝑄𝑐𝑐𝑐𝑐,5,1 = 𝑘𝑘1(𝑑𝑑1−𝑑𝑑4)
1

 ℎ1
+ 1
ℎ5

     (20) 

6. Experience formula of evaporation rate of seawater per unit 
area 
The water production rate of the device can be approximately 
calculated referring to the formula of evaporation, 

 
Fig. 12. Energy flow and parameter distribution diagram of the device. 
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condensation and water production rate between the two 
parallel plates. The vapor on the evaporation and 
condensation surfaces is assumed to be saturated, thus the 
empirical formula of evaporation rate per unit aperture solar 
collector area (Me) can be expressed as in Eq. (21). 

𝑀𝑀𝑒𝑒 = 16.273 × 10−3 ℎ4
ℎ𝑓𝑓𝑓𝑓

(𝑝𝑝2 − 𝑝𝑝5)    (21) 

 
5.2 Theoretical water production calculation 
Under stable condition, the ambient temperature is defined 
invariably as: T1 = 298.15 K for a convenient evaluation. The 
simultaneous Eq. (6), (10), (14) and (18) can form closed 
equations to solve the values of T2, T3, T4 and T5. The variation of 
evaporation rate per unit aperture solar collector area and 
evaporation surface temperature under different solar irradiances 
are shown in Fig. 13. 

Illustrated in Fig. 13, the stable evaporation rate per unit 
aperture solar collector area increases gently from 0.12 g/ (m2‧s) 
to 0.65 g/(m2‧s) when the solar irradiance increases from 500 
W/m2 to 1000 W/m2. And the evaporation surface temperature can 
reach 357K when the direct vertical solar irradiance is 800 W/m2. 
 
6. Conclusions 
In this paper, a new solar distiller with cylindrical surface 
concentrator and vertical gap evaporator which can float on ocean 
is proposed. Optical simulation is carried out to find the optimal 
radius of the cylindrical concentrator and the height of the vertical 
gap. The annual optical performance of the concentrator is 
analyzed for the region within 17° north latitude. Finally, the 
energy analysis and theoretical water production calculation are 
carried out. Some conclusions are obtained as follows. 
1. According to the optical simulation results, the reception rate 

of the vertical absorber in the cylindrical concentrator is better 
than that in the triangular concentrator and CPC concentrator. 

2. When the radius of concentrator and the height of vertical gap 
is 6 cm and 5 cm respectively, 80% of the sunlight within 45° 
incidence angle can be captured by the seawater in the vertical 
gap.  

3. The device placed in the east-west direction possesses 
superior performance for the island within 17° north latitude. 

4. For the area within 17° north latitude, there are more than 10 
hours and 5 hours with a larger than 80% reception rate in the 
summer solstice and winter solstice respectively. In the 
autumnal equinox, there are more than 11 hours with a larger 
than 90% reception rate.  

5. The stable evaporation rate per unit solar collector area 
increases gently from 0.12 g/(m2‧s) to 0.65 g/(m2‧s) when the 
solar irradiance increases from 500 W/m2 to 1000 W/m2. 
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