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Abstract. This paper mainly aims at the energy reception characteristics of solar aircraft flying in the near space
between the Tropics of Cancer and Capricorn. Based on the solar radiation intensity calculation model, the energy
reception characteristics including maximum solar radiation intensity, daytime average solar radiation intensity, total
solar radiation energy received per day on the unit area., and daytime hours of solar aircraft was calculated varying
with date, longitude, and latitude. By analyzing the corresponding calculation results, it can provide some reference
value for the design of solar aircraft flying in this area.

1 Introduce
Solar aircraft is a new type of aircraft which can realize
High Altitude Long Endurance(HALE) flight [1] and has
an irreplaceable advantage compared with conventional
aircraft [2]. It can convert solar radiant energy into
electrical energy by photovoltaic conversion. Near space
generally refers to the airspace 20-100km from the
ground, and it has a special strategic position because of
the unique height and environmental conditions. Using
the stable atmosphere of near space and the inexhaustible
supply of solar energy, HALE solar aircraft has a wide
application prospect in the tasks of environmental
detection, regional communication, border monitoring,
disaster warning and monitoring, high resolution, etc.,
and it is one of the hot and frontier fields of international
research [3]. Solar aircraft uses solar energy as the main
power source [1]. Therefore, the analysis of solar energy
reception characteristics is the basis and necessary
prerequisite for the study of such aircraft [4]. Due to the
influence of earth-sun distance, time and latitude, the
solar radiation received in the near space will change. On
account of the existence of the obliquity of the ecliptic,
sunlit point is always moving back and forth between the
Tropics of Cancer and Capricorn, which causes the solar
energy in this area is abundant [5,6].
In view of this, in this paper, the energy reception
characteristics of solar aircraft which flies in the near
space between the Tropics of Cancer and Capricorn were
analysed, with the change of time, latitude and longitude,

in order to provide some reference value for the design of
this kind of aircraft.

2 Calculation model of solar radiation
intensity [7]
Assuming that the influence of cloud, moist, dust, etc. is
ignored, the calculation model of solar irradiation
intensity is as follows.
2.1 Solar altitude
The solar altitude is the angle between the incident ray
and the horizontal plane, and it will vary with time and
place. The solar altitude can be calculated as follows：
(1)
Where: - local latitude,
- solar hour angle.

- sun declination angle,
(2)

Where:

- date number in a year.
(3)
(4)
(5)
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(15)
Where: - solar constant, refers to the received solar
radiation energy at the boundary of the earth's atmosphere
surface perpendicular to the light in unit area and unit
time. In 1981, the eighth session of the world
meteorological organization instrument and observation
method committee defined the solar constant as
.

(6)
Where: - true solar time, - local standard time, local longitude, - the longitude of the local standard
time, - the equation of time between true solar time and
mean solar time.
2.2 Eccentricity correction coefficient associated
with earth-sun distance

2.6 solar energy reception characteristics

The sun is in a slightly eccentric position on the earth's
elliptical orbit, so the distance between the sun and earth
is not constant, and there are perihelion and aphelion. The
distance between the sun and earth is usually corrected
with the eccentricity correction coefficient .

The intensity of solar radiation increases from sunrise to
noon and then decreases before sunset. It can be reduced
to a sine curve, and the highest point is obtained at noon,
which is the true solar time
.
Maximum solar radiation intensity at noon
can
be calculated as follows:
(16)
The change function of solar radiation intensity with
time during the day is:

(7)
Where: - the average earth-sun distance,
earth-sun distance of the observation point.

- the

2.3 Atmospheric transparency coefficient [8]

(

The atmospheric transparency coefficient is the ratio of
transmitted radiation to incident radiation through an air
mass. Under the different weather conditions, the
atmosphere thickness will be different. Considering the
weather factors, the atmospheric transparency coefficient
can be calculated as follows:
(8)
Where: - weather influence factor,
- highly
modified air mass.
(9)

)

(17)

Daytime average solar radiation intensity
calculated as follows:

∫

(

can be

)
(18)

The total amount of solar radiation received per unit
area in one day is:
(19)
According to the above calculation model, this paper
will analyse the variation of
, ,
,
and
with date, longitude and latitude. Relevant constant value
parameters are chosen as shown in table 1.

(10)
(11)
Where:
- air mass,
- atmospheric height
correction factor,
- the value is the real part of the
formula, - height.

Table 1. Parameters of solar irradiation strength calculation.
Parameter

2.4 Sunrise and sunset time [9]
Sunrise time
is the time when the sun appears on the
horizon. Regardless of the curvature of the earth's surface
and the refraction of the atmosphere to the light, it can be
calculated as follows:

Value

Unit

120

°

0.85

-

20000

m

(12)
The sunset time
symmetric at 12 noon.

and the sunrise time

are

3 Energy reception characteristics
varies with date and latitude

(13)
Daytime hours
are the difference between the
sunset time and the sunrise time.

First of all, this paper analyses the changes of energy
reception characteristics of the Tropics of Cancer and
Capricorn in a year. In the calculation, the latitude north
is positive, the south is negative, and the range of change
is
° ; The range of dates is
; The geographical longitude is
° . In
addition, the energy reception characteristics of spring
equinox
, summer solstice
, autumnal
equinox
and winter solstice
are
compared and analysed.

(14)
2.5 Solar radiation intensity
Considering the effects of seasons, earth-sun distances,
height, and time, solar radiation intensity can be
calculated as follows:

2
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Figure 1. Maximum solar radiation intensity
date
and latitude .

Figure 3. The total amount of solar radiation received per
unit area in one day varies with date
and latitude .

varies with

Figure 4. Daytime hours
varies with date
latitude .

Figure 2. Daytime average solar radiation intensity
varies with date
and latitude .
Table 2. The maximum and minimum of

,

,

and

and the corresponding

minimum
(

[0,23.5]°

[23.5,0]°

value

)
898.7

/°
/d

(

)

and

maximum
(h)

(

(

572.13

)
6036.32

10.55

23.5

23.5

23.5

23.5

354

354

354

355

842.15

536.13

5656.45

10.55

1325.73

/°

-23.5

-23.5

-23.5

-23.5

/d

173

173

173

172

value

and

3

)
1294.63

)

(h)

824.18

)
10633.76

13.45

0

0

23.5

23.5

70

70

168

172

843.99

11346.79

13.45

-23

-23

-23.5

-23.5

365

365

357

355
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figure 1 and figure 2 are the curves of
and
with date
and latitude . The changes in figure 1 and
figure 2 are basically the same. Near the Tropic of Cancer,
the double peaks of
and
appear in the vicinity
of the spring equinox and the autumnal equinox, and fall
in the summer solstice, and the trough value appears near
the winter solstice; Near the Tropic of Capricorn, the
peaks of
and
appear near the winter solstice,
and the trough value appears near the summer solstice,
showing a relatively perfect sinusoidal trend.
figure 3 and figure 4 are the curves of
and
with date
and latitude . The change trend of figure 3
and figure 4 are basically the same. In the vicinity of the
tropic, both
and
show a relatively perfect
sinusoidal trend. Near the Tropic of Cancer, the peak
value appears near the summer solstice, and the trough
value appears near the winter solstice; And it’s opposite
near the Tropic of Capricorn. In addition, figure 4 shows
that the day and night time are equal at the vernal
equinox and autumnal equinox between the Tropics of
Cancer and Capricorn. At the equator, the time of day and
night are the same all year round. This is consistent with
the actual situation, and it verifies the reliability and
accuracy of the calculation model to a certain extent.
Table 2 shows the maximum and minimum values
and the corresponding latitude and date of the energy
reception characteristics between the Tropic of Cancer
and the equator [0,23.5]°, the equator and the Tropic of
Capricorn [-23.5,0]°.

Figure 5. Maximum solar radiation intensity
longitude and latitude .

varies with

4 Energy reception characteristics
varies with longitude and latitude
On the basis of the above analysis, this paper analyses the
changes of solar energy reception characteristics between
the Tropics of Cancer and Capricorn in a day with
longitude and latitude. When calculating, the spring
equinox day
is chosen as the research object.
The latitude range is
°, and the range
of longitude is
°.

Figure 6. Daytime average solar radiation intensity
with longitude and latitude .

4

varies
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a day don’t vary with longitude, but changes with latitude.
On the vernal equinox day, the
,
and
are
sinusoidal between the Tropics of Cancer and Capricorn,
and the maximum values are obtained near the equator.
The length of the day is around 12h in this area.

5 Conclusion
In this paper, the energy reception characteristics
including
,
, and
of 20000m high altitude
area between the Tropics of Cancer and Capricorn are
calculated with the change of date
and latitude
within one year, and with the longitude and latitude
within one day (vernal equinox).
Through analysis, it can be seen that:
1) In a year, the energy reception characteristics
including
,
,
and
of a certain
longitude will vary with the date and latitude;
2) In a day, the energy reception characteristics
including
,
,
and
only change
with latitude, not with longitude.
Solar radiation is abundant in the near space between
the Tropics of Cancer and Capricorn. In this paper, the
energy reception characteristics of solar aircraft are
analysed, and the corresponding calculation results are
given. In particular, the maximum and minimum values
of energy reception characteristics can provide some
reference for the design of solar aircraft for different
flying missions in the region.

Figure 7. The total amount of solar radiation received per unit
area in one day varies with longitude and latitude .
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