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Abstract. The safety and reliability of the manned airship depend to a considerable extent on its thermal performance. In this paper, heat balance
equations are developed and solved in the C++ programming language. The temperature variation of the enclosure, gasbag, and nacelles of the
manned airship is investigated. In addition, the effects of season, latitude, and orientation on the thermal performance of the manned airship
and the airship nacelle are investigated. The results show that: (1) The average temperature difference of the nacelle surface at the same time is
25 K, while the maximum temperature difference in the nacelle is 29 K during the day, (2) the temperature distribution in the nacelle is similar
in spring and autumn, with maximum temperature between 306 K and 309 K. The maximum temperature in the nacelle is between 300 K and
303 K in winter while the maximum temperature in the nacelles is between 309 K and 315 K in summer, (3) as the flight position of the manned
airship changes from 20°N to 60°N, the average nacelle temperature varies slightly by about 1 K. However, as the latitude increases, the high-
temperature region shifts from the bottom of the nacelle to the side of the nacelle, and (4) the temperature distribution of the upper envelope of
the airship varies considerably with orientation. However, the average temperature of the nacelle is less impacted by orientation. These results

are useful for understanding the thermal performance of manned airships.

Key words: manned airship; thermal performance; nacelle; temperature difference; flight position.

1. INTRODUCTION

The manned airship can be used as a tourism, transportation,
and rescue tool with obvious advantages such as long en-
durance, good safety performance, high strain capacity, and
noise pollution, which can better meet the numerous needs of
people flying in the air, thus attracting increased attention [1-3].
At present, several companies participate in the development of
manned airships, including Lockheed Martin, Boeing, World-
wide Aeros Corp., Aero Vehicles Inc., Hybrid Air Vehicles Ltd.
(HAV), and Voliris. ATLANT and Aerocat R-40, two typical
examples of manned airship concepts, were proposed by the Is-
raeli company Atlas LTA and the Argentine company Aerovehi-
cles, respectively [4—-6]. However, the research on manned air-
ships mostly stays in the conceptual design and experimental
stage, and there are almost no manned airships that are really
put into operation. The main reason is that the safety and re-
liability of manned airships need to be further developed and
verified.

The complex thermal environment of the manned airship will
cause the dramatic fluctuation of lifting gas pressure and tem-
perature, which will affect the dynamic performance of the air-
ship [7, 8]. In addition, it will make an enormous impact on the
surface temperature distribution of the nacelle, and then affect
the design of the environmental control system of the manned
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airship. Hence, it is extremely important to research the thermal
performance of the manned airship in order to ensure its safety
and stability of flight.

In the last decade, scholars have conducted numerous investi-
gations of stratospheric airships [9—12]. Lv et al. [13] proposed
a simplified thermal model of a stratospheric airship, which
includes scattered radiation, infrared radiation, reflected radi-
ation, direct solar radiation, and convective heat transfer. Liu
et al. [14] compiled an analysis program based on the thermal
model of the stratospheric airship with a photovoltaic array and
verified it with experimental data. The simulation results show
that solar radiation has a significant effect on the thermal per-
formance of the airship. Shi et al. [15-17] employed the de-
sign of the DOC experiment, analyzing the effect of season,
wind speed, latitude, airbag distribution, envelope emissivity,
envelope absorptivity, and various sensitive factors of the pho-
tovoltaic batteries on the thermal behavior of airships. Meng
et al. [5] analyzed the effects of different flight parameters on
the thermal behavior of the airship for long-distance transport
by coupling different modules including thermal energy, output
power, and dynamics. Dai et al. [18, 19] investigated the effect
of forced convection heat transfer and the thermal performance
of solar array on helium gasbag, respectively.

The above studies show that the thermal performance of air-
ships is closely related to its own structure and material, but also
strongly influenced by the surrounding environment [20-22]. In
particular, the effects of solar radiation cannot be ignored [23—
25]. However, the studies are limited to stratospheric airships,
the limitations or weaknesses of the above-mentioned literature
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refer mainly to the following: (1) The difference in altitude be-
tween high-altitude airships and manned airships implies that
they are subject to completely different environments; (2) the
nacelle, as a manned structure, is subject to the vagaries of the
environment during flight. Because it involves the safety of the
crew, its thermal performance is even more important to the
safety of the airship, and (3) some results have been obtained
from previous thermal analyses, but there are no further anal-
yses and practical applications of research in manned airships.
This paper aims to make some efforts to do the above.

In this paper, the manned airship with an additional helium
gasbag is taken as the research object. After establishing the
thermal balance equations of each part of the airship, the nu-
merical simulation analysis is carried out based on the C++
program and the thermodynamic performance of a manned air-
ship is obtained. In addition, this paper focuses on the effects of
influencing factors such as season, latitude, and airship orienta-
tion on the thermal behavior of manned airships. The results of
this paper are beneficial for the design of thermal performance
of future manned airships.

2. PHYSICAL AND MATHEMATICAL MODELING

2.1. Physical model

Based on the CA-120 airship, the structure of the manned air-
ship in this paper is shown in Fig. 1. In order to maintain a stable
flight altitude, the balance of the internal and external pressure
is controlled by the charge and discharge of the helium bag.
The design parameters for the envelope and the solar array are
shown in Table 1.

Table 1
Design parameters of manned airships
Design Numerical Design Numerical
parameters value parameters value
Airship length 48 m Envelope density | 0.35 kg/m>
Maximum
diameter of 11.8 m flight altitude 3km
airship
Long wave
Volume of the 3500 m? ralldl.at.lon 0.6
gasbag emissivity of
envelope
Surface area of Solar radiation
o 1446.75 m* | absorption rate 0.38
the airship
of envelope
Mas§ of the main 300 ke Enve.lope 03
helium gasbag transmittance
Mass of the Lo
additional 324,15 kg | Mannedairship | p
. orientation
helium gasbag
Mass of the keel .
and the nacelle 2558.85 kg Wind speed 8 m/s

Thin-film solar cell

Main helium gasbag

o

Helium storage tank
Additional helium gasbag Nacelle

Fig. 1. Structure model of manned airship

2.2. Thermal environment

During the operation of the manned airship, the thermal envi-
ronment is variable and complicated. Specifically, the thermal
behavior of manned airships mainly includes the following as-
pects: (1) Radiation heat transfer is the main heat transfer pro-
cess of manned airships, which includes short-wave radiation
(direct, scattered, and reflected solar radiation) and long-wave
radiation (ground, sky, and long-wave radiation inside and out-
side the envelope); (2) convective heat transfer includes external
forced convective heat transfer and internal natural convective
heat transfer. Among them, the internal natural convection heat
transfer process comes from two closed spaces, namely inside
the capsule and inside the nacelle, and (3) heat conduction is
mainly the heat conduction between the envelope and the thin
film solar cell. Because the envelope is quite thin, the heat con-
duction in its thickness direction can be neglected. The heat
exchange mechanism is shown in Fig. 2.

Envelope external radiation

A
Yt Sky long-wave radiation
- > -
» v 4 N ‘/;‘e . Envelopy internal radiation
s,
N N
\ ~
\
\
C.
at(ered Sol
i
L
&
P 4

S &F . |
/o\fa‘ External forced convection |
| Ground long-wave radiation

[RRVPPR I 10 T AP T A VI A TR A )

Fig. 2. Heat exchange mechanism of the manned airship

2.3. Heat balance equations

2.3.1. Solar radiation model

Solar radiation heat is one of the main heat sources for manned
airships. Therefore, it is necessary to establish an accurate
model of solar radiation. The solar radiation absorbed by the
airship includes direct solar radiation Igjrect, Scattered solar radi-
ation Igaeer and solar radiation reflected from the ground Lefect.
Before the solar radiation can be modelled, the spatial position
of the sun must be determined.

Bull. Pol. Acad. Sci. Tech. Sci., vol. 70, no. 5, p. 143105, 2022
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As shown in Fig. 3, the spatial position of the sun is deter-
mined by the solar altitude angle g, and the solar azimuth

angle Yun-

West

South

Fig. 3. The position of the sun relative to the ground

The solar altitude angle and the solar azimuth angle are ex-
pressed by equations (1) and (2):

Otsun = arcsin (sinLsin d 4 cos Lcos § cos @) , (1

2

sin Oty sin L — sin & >
9

Yeun = arccos
COS Olgyn COS L

where L, § and @ are the latitude, the solar declination, and
hour angle.

The solar declination angle § and hour angle @ are shown in
Fig. 4 and are represented by equations (3) and (4), respectively:

5 = 0.006322 — 0.405748 cos (%NJF 0.153231)
4 0.00588cos [ N +0.207009
' 366"

6
+ 0.003223 cos (%N+0.620129> , ©)
o= (TH-12)-15, 4)

where N means the day being counted is the N-th day of the
year, and January 1 is the first day of the year. TH is the solar

time.

 Zenith

Upper branch of meridian

Sun Declination angle

Fig. 4. The solar declination & and hour angle @
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1. Direct solar radiation g is defined by equation (5)

1
Lgirecy = TS asun [, (5)

where 7 is the transparency of the atmosphere. [y is the solar
constant, and its average value for each month is shown in Ta-
ble 2.

Table 2
Monthly mean solar radiation flux [10]

Months 1 2 3 4 5 6
Ip (W/m?) | 1405 | 1394 | 1378 | 1353 | 1334 | 1316
Months 7 8 9 10 11 12
Ip (W/m?2) | 1308 | 1315 | 1330 | 1350 | 1372 | 1392

2. The scattered solar radiation Iy i defined by equation (6)

1
1— T Sin Gsun

1—14Int’ ©

Lscater = 0.51p sin Oty
3. The solar radiation reflected from the ground /gt is defined
by equation (7).

Lieflect = AE (Idirect sin gy — Iscatter) s @)

where Af is the reflectance of the ground.

2.3.2. Thermodynamic model
Based on the analysis of the thermal environment for the
manned airship, the thermal balance equations are established
for six parts of the manned airship: the main helium gasbag, ad-
ditional helium gasbag, the nacelle, the thin-film solar cell, the
envelope under the solar cell and the other envelope cells.

The thermal balance equation of the main helium gasbag is:

dT; dV;
myc; —— Z—ZQe,1+Q1,2—P1—1 (8)

dt dr ’
where m, ¢, T, V, P and ¢ represent the mass, the specific heat
capacity, the temperature, the volume, the pressure, and the
flight time, respectively. Q is the heat exchange. Subscript e
denotes a certain envelope cell. Subscript 1 denotes the main
helium gasbag. Subscript 2 denotes an additional helium gas-
bag, where Q.1 and Q1 are defined by equations (9) and (10):

Qe,l :Ae,lhe,l (Tl - Te), (9)

1 1
012 =A1,2(T2—T2)/ (h—-i-%-l- A 2) ; (10)

e,l

where A, h, x, and A represent the contact area, the convection
heat transfer coefficient, thickness, and thermal conductivity,
respectively.

The thermal balance equation of the additional helium gas-
bag is:

dT2 dm2 dV2

mycy—— = —ZQe,z + 1 +Repeh—— —P——,

dr dr dr an
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d .
where Rg.HeTz% and R, are the mass changes during the

inflating and exhaust of additional helium gasbag and the gas
constant. Q. is calculated in the same way as in equation (9)
O12=—-021.

The thermal balance equation of the air in the nacelle is:

dT;
mic3— = = -y 0.3, (12)
t
where subscript 3 denotes the nacelle.
The thermal balance equation of the thin-film solar cell is:

. dT;
miC'iT; = qdirect,i T qscatter,i + Greflect,i T gsky,i
+ Gground,i —49p — Gia — qij —4i> (13)
where ¢ is the heat flow density. iz is the mass per unit area.
Subscript direct, scatter, reflect, sky, ground, p, and a are the
direct solar radiation, the scattered solar radiation, the ground
reflected solar radiation, the long wave radiation from the sky,
the long wave radiation from the ground, output power, and ex-
ternal environment.

1) qdirect,; 18 expressed by equation (14):

T
aldircctcos(nf Gi) 0; € (57 75} )
(14)

qdirect,i =

0 eie(o, g}

where « and 6; are the solar radiation absorptivity and the an-
gle between the external normal of solar thin film cell and the
direction of direct solar radiation.

2) Gscatter,i 1s expressed by equation (15):

Gscatter,i = OscatterXsky,i » (15)
where Xy ; is the sky angle coefficient.
3) Greflect,i 1S expressed by equation (16):
Grefiect,i = OlreflectXsky,i » (16)
4) gy, is expressed by equation (17):
Gskyi = OleEikyO T Xty i a7

where ¢, and o are the absorption rate of long-wave ra-
diation and the Stefan—Boltzmann constant, ¢ = 5.67 X
108 W/(m?- K. &y is the sky long-wave radiation emissiv-
ity. Tpp is the blackbody temperature.

5) Gground,i is expressed by equation (18):

4
qground,i — (02 gground o Tgrounnground,i n,

(18)
where €ground is the ground-based longwave radiation emissiv-
ity. Xoround,i 18 the ground angle coefficient. 7 is the transmit-
tance.

6) gi 4 is expressed by equation (19):

Gia :hi,a (Ti_Ta)a (19)
7) gi,j is expressed by equation (20):
qij =AT; j/Ri j, (20)

where AT; ; is the temperature difference between the thin film
solar cell and the envelope cell. R; ; is the thermal resistance
between the thin film solar cell and the envelope cells.

8) gi is expressed by equation (21):

gi = €oT?, (1)
where € is the grey scale of the thin-film solar cell.

The thermal balance equation of the envelope cells under the
solar cell is:

ATy

mjci—q = 49ii 4l (22)
g;.1 is expressed by equation (23):

gja=hj(T;—=T). (23)

The thermal balance equation of the other envelope cells is:

. dTy
myCy E = qdirect,k + Gscatter,k + Greflect,k T Gsky k
+ ground,k — 9k — Gk,a —49k2» (24)
where subscript k is a certain envelope cell other than a partic-
ular envelope cell under the thin-film solar cell.

2.4. Simulation methodology
The simulation methodology in this paper is shown in Fig. 5.

3. THEORETICAL MODEL VALIDATIONS

This paper verifies the reliability of the program based on the
results of an airship (35 m) experiment with additional thin-film
solar cells given by Harada et al. [26] and the results of the
thermal model calculations of the airship by Xing et al. [27]
The specific comparison diagram is shown in Fig. 6.

Figure 5 shows that the experimental data fluctuates greatly,
and the calculated results of the program are relatively smooth,
but the overall trend of simulation results shows good agree-
ment with the experimental results. Specifically, the experimen-
tal calculation results fluctuate greatly before noon. The main
reason is that the environmental performance at that time fluc-
tuates greatly, and the program calculation is a given constant
value, without considering the instantaneous performance of
the environment at that time. In addition, the results of the self-
programmed program calculations in this paper compare almost
identically with the simulation results of Xing et al. [27]. There-
fore, the simulation results in this paper are a beneficial refer-
ence for the study of the thermal performance of the manned
airship.

Bull. Pol. Acad. Sci. Tech. Sci., vol. 70, no. 5, p. 143105, 2022
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Py=101325 Pa
Ty=288.15K
T grouna=280.15 K (winter)
T proumd=293. 15 (summer)

Tpoumi=288.15 K o
(spring and autumn) — —— —— Lser
regec
| l Eq.(1} Eq.(7) "l”
v I |
Model creation Setting initial _| Solar radiation
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Eq.(9), Eq. (10), — — — — — | Calculation of the heat
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Qe Q12 Qe Qarecti  scareri  Grefeci  Gebyd Mﬂ M
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q -k Quefecsk  Qegk Ggowdk G, Q.2 gk .
s ! R : Solving the heat balance
I equation for each element
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Fig. 5. The simulation methodology
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Fig. 6. Comparison of experimental data and calculated data

4. SIMULATION RESULTS AND ANALYSIS

According to the above model and design parameters, the
temperature distribution of the manned airship and nacelle at
the time of 0:00 a.m., 8 a.m., and 12:00 noon are shown in
Figs. 7-9.

Figure 7 shows that the overall temperature of the manned
airship at 0:00 a.m. is exceptionally low. The main reason for
this phenomenon is the absence of solar radiation at night, so
ground radiation plays a dominant role. The maximum temper-
ature is at the bottom of the nacelle and can reach 286 K. The

Bull. Pol. Acad. Sci. Tech. Sci., vol. 70, no. 5, p. 143105, 2022

maximum temperature difference between the various parts of
the airship is 13 K.

Figure 8 shows that the overall temperature of the manned
airship rises at 8:00 a.m. when the sun rises. Because of the
sunlight falling on the upper envelope of the airship, the tem-
perature rise is most obvious on the upper envelope of the air-
ship, especially in the solar cells. The maximum and minimum
temperature of the manned airship is 300 K and 285 K, respec-
tively. The minimum temperature is located in the lower enve-
lope of airship. The maximum temperature difference between
the various parts of the airship is 15 K. In summary, the tem-
perature difference between the airship and the nacelle is not
exceptionally large.

As can be seen in Fig. 9, the maximum temperature of the
upper envelope is 322 K, which is significantly higher than the
lower envelope. The temperature at the bottom of the nacelle
is much higher than that of the rest of the nacelle owing to the
influence of radiative heat transfer from the ground. The max-
imum temperature of the nacelle surface is 312 K. In addition,
the maximum temperature difference in the nacelle can reach
29 K during the day, which has a significant impact on the en-
vironmental control system of the nacelle.

Figure 10 shows the variation of the average temperature of
the manned airship with time.

As can be seen from Fig. 10, when the sun rises, the temper-
ature of each part rises, but the temperature difference becomes
larger and larger until midday. The temperature variation range
of thin-film solar cells is greater than that of the upper envelope.
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z

A

(a) Temperature distribution of the manned airship

X

(c) Temperature distribution of the upper envelope
of the manned airship

_

(b) Temperature distribution of nacelle

(d) Temperature distribution of the lower envelope
of the manned airship

Fig. 7. Temperature distribution of the manned airship at 0:00 a.m.

4

(a) Temperature distribution of the manned airship

(c) Temperature distribution of the upper envelope
of the manned airship

(b) Temperature distribution of nacelle

(d) Temperature distribution of the lower envelope
of the manned airship

Fig. 8. Temperature distribution of the manned airship at 8:00 a.m.

(c) Temperature distribution of the upper envelope
of the manned airship

(b) Temperature distribution of nacelle

(d) Temperature distribution of the lower envelope
of the manned airship

Fig. 9. Temperature distribution of the manned airship at 12:00 noon

The above phenomenon occurs because the thin-film solar cells
receive more solar radiation at noon and are more affected by
solar radiation. The average temperature variation of the solar
cell is up to 40 K in one day, which is no lower than that of a
traditional stratospheric airship. The temperature difference of
the outer surface of the nacelle is 25 K, and the temperature
difference of the envelope under the airship is about 16 K.

Figure 11 shows the temperature variation of the internal gas
in a day.

As is shown in Fig. 11, the helium temperature inside the ad-
ditional helium gasbag is similar to the air temperature inside
the nacelle at night, both of which are higher than the helium
temperature inside the main helium gasbag. The main reason
for this is that at night, the ground temperature is higher than

Bull. Pol. Acad. Sci. Tech. Sci., vol. 70, no. 5, p. 143105, 2022
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Fig. 10. Variation of the average temperature of the manned
airship with time
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Fig. 11. Temperature variation of the internal gas with time

the gas, and the additional helium gasbag and the nacelle are
influenced by the ground radiation relative to the main helium
gasbag. Since the temperature of the main helium gasbag is
mainly influenced by solar radiation, there is no solar radiation
at night, and the temperature is almost constant between 8 p.m.
and 4 a.m. As for helium, the temperature is lower than the at-
mospheric temperature, which is mainly due to the radiation be-
havior of the envelope with the sky (black ball model) at night,
so the helium temperature will be lower than the atmospheric
temperature. However, as the sun rises, the helium temperature
inside the main helium gasbag exceeds the helium temperature
inside the additional helium gasbag at about 7:00 a.m., then it
exceeds the air temperature inside the nacelle at about 8:00 a.m.
Significantly, without environmental control system, the air
temperature in the nacelle changes dramatically during the day.

Furthermore, the air temperature inside the nacelle is always
higher than the helium temperature inside the additional helium
gasbag, which can be explained by the distinction of the gas
mass. The helium gas will be charged and discharged into the
high-pressure helium tank with temperature variation. There-
fore, the helium mass in the additional helium gasbag is not
fixed, and in this process, there is a huge heat and mass transfer.

Bull. Pol. Acad. Sci. Tech. Sci., vol. 70, no. 5, p. 143105, 2022

5. INFLUENCING FACTORS ANALYSIS
5.1. Season
The thermal performance of a manned airship will experience
the change of seasons during its service. Therefore, four typical
days of the vernal equinox, summer solstice, autumn equinox,
and winter solstice are selected as the research objects in this
section respectively, and the thermal behavior of manned air-
ships in different seasons is analyzed. Figure 12 shows the tem-
perature distribution of manned airships in different seasons.
According to Fig. 12, the maximum temperatures of the
manned airship in different seasons all deviate to the nega-
tive direction of the Y-axis at noon. The manned airship works
at a latitude of 32 °N and the sun is always to the south of
the manned airship. Correspondingly, the temperature distribu-
tion of the nacelle in the vernal equinox and autumn equinox
are similar, and the maximum temperature between 306 K and
309 K is located on the south side of the nacelle. The maxi-
mum temperature of the nacelle in winter solstice is between

T 282 286 290 294 298 302 306 310 314 318 322 "W 285 285 201 204 297 300 303 206 209 312 315

7 QY

(a) Temperature distribution of the manned airship and nacelle
in the vernal equinox

T 255 288 201 204 207 300 303 306 309 312 315
TIK]: 282 286 290 294 298 302 306 310 314 318 322

&

(b) Temperature distribution of the manned airship and nacelle
in the summer solstice

z

A

Y

T4 282 286 290 204 208 302 306 310 314 318 322 ™ 285 288 291 294 297 300 303 306 309 312 315

& Q@

(c) Temperature distribution of the manned airship and nacelle
in the autumn equinox

TIK] 2&2 286 290 294 298 302 306 310 314 318 322 TIKE 255 288 291 204 207 300 303 306 309 312 316

V 4

(d) Temperature distribution of the manned airship and nacelle
in the winter solstice
Fig. 12. Temperature distribution of the manned airship at 12:00 noon
in different seasons
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300 K and 303 K located on the south side of the nacelle. The
maximum temperature of the nacelle at the summer solstice is
between 309 K and 315 K located at the bottom of the nacelle.

Figure 13 presents the temperature variation of each part of
the manned airship in a day.

As is shown in Fig. 13, the temperature of various parts of
the manned airship is similar during the vernal equinox and au-
tumn equinox. The maximum and minimum temperature of the
manned airship appears during the summer solstice and winter

330 -
—=— Solar cells/Spring ~ ----- Envelope/Spring
—— Solar cells/Summer - - - Envelope/Summer
320 |- —— Solar cells/Autumn - - - Envelope/Autumn
—v— Solar cells/Winter - - - Envelope/Winter
310
=)
1
3 300
£
Q
£
& 290
H
280
270
1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24
Time [h]
(a) solar cells
320
315 [ = Envelope the outside of nacelle/Spring -~~~ Air the inside of nacelle/Spring
" | —*— Envelope the outside of nacelle/Summer ~ — = Air the inside of nacelle/Summer
310 - —+— Envelope the outside of nacelle/autumn = = = Air the inside of nacelle/autumn

~—v— Envelope the outside of nacelle/Winter ~ = ~ Air the inside of nacelle/Winter

305

Temperature [K]

265 ! ! 1 1 1 1 L I L I I

Time [h]
(b) nacelle

—*— Main helium gasbag/Spring — — — Additional helium gasbag/Spring

320 -
~—*— Main heliume gasbag/Summer - — — Additional helium gasbag/Summer
315 |- —4— Main helium gasbag/Autumn

310 - v Main helium gasbag/Winter

= =~ Additional helium gasbag/Autumn
~ ~ ~ Additional helium gasbag/Winter

— 305 -

Time [h]
(c) helium gasbags

Fig. 13. Temperature distribution of the manned airship at 12:00 noon
in different seasons

solstice, respectively. In addition, the temperature difference of
solar cell, envelope, main, and additional helium gasbag is the
largest at noon and amounts to 38.436 K, 25.244 K, 32.7 K, and
22.937 K, respectively.

In addition, the surface temperature of the cabin reaches its
maximum at noon in all seasons. Its maximum temperature is
around 299 K at the equinox, summer solstice, and autumn
equinox. The main reason is that the ground surface temper-
ature is similar during the vernal equinox, summer solstice, and
autumn equinox. The maximum temperature of the nacelle in
winter solstice is the smallest compared with other seasons,
mainly because the surface temperature in winter solstice is
lower, which is about 13 K lower than that in the summer sol-
stice.

5.2. Latitude

The latitude variation means a difference in the solar zenith an-
gle, and the solar radiation flux changes accordingly. Therefore,
the influencing factor of latitude cannot be ignored in thermal
prediction. Figure 14 shows the average temperature of the en-
velope, helium gas, and solar cells at three different latitudes.
The average temperature of the nacelle at three different lati-
tudes is shown in Fig. 15.
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Fig. 14. Temperature variations of the airship at different latitudes
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Fig. 15. Temperature variation of the airship nacelle at different
latitudes
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From Figs. 14 and 15, the average temperature on the enve-
lope of the manned airship is more affected by latitude than that
of the airship nacelle. The higher the latitude, the higher the av-
erage temperature of the internal gas and the envelope of the
manned airship. From the temperature distribution, the lower
parts of the manned airship are less affected by latitude, espe-
cially the nacelle. The main reason can be that the lower parts
of the manned airship are less affected by solar radiation.

5.3. Orientation

In order to clearly observe the temperature distribution on the
surface of the manned airship in different orientations, the tem-
perature distribution of the head of the manned airship facing
due east, north-east, and south-east at 8:00 a.m., 12:00 noon,
and 4:00 p.m. is shown in Figs. 16—18, where the positive di-
rection of the X-axis is east, and the positive direction of the
Y-axis is north.

From Figs. 16-18, it can be seen that at 8:00 a.m. the tem-
perature is higher in the positive direction of the X-axis of
the manned airship, at noon the maximum temperature of the
manned airship shifts to the upper part of the hull, and at
4:00 p.m. the maximum temperatures are concentrated in the
negative direction of the X-axis. In summary, the maximum

z 214

310

aneg

an2

208

204

x 290
286

Y 282

(b) 12:00 noon

(a) 8:00 a.m.

temperatures in the manned airship are determined by the so-
lar altitude angle.

Figure 19 shows the temperature trends of helium, solar cells,
envelope, and nacelle over one day for three operating condi-
tions with the head facing due east, southeast, and northeast,
respectively.

As can be seen from Fig. 19, the nighttime temperatures of
the various parts of the manned airship are nearly identical for
different orientations, and there are certain differences in tem-
perature during the daytime except around midday, with the
maximum temperature difference not exceeding 2 K. This is
mainly because, with a higher solar altitude angle around mid-
day, the sunward and backward sides of the manned airship
are almost equally distributed, while the rest of the day, with
a lower solar altitude angle, the sunward and backward sides
are distributed differently.

However, the temperature distribution in the nacelle is not
quite the same as in the other parts. During the night, the tem-
perature inside and outside the nacelle does not change with ori-
entation. During the day, however, the temperature inside and
outside the nacelle is highest before midday in the southeast di-
rection and after midday in the northeast direction due to the
influence of ground radiation.
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Fig. 16. Temperature distribution of the manned airship due east
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Fig. 17. Temperature distribution of the manned airship in northeast orientation
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Fig. 18. Temperature distribution of the manned airship in southeast orientation
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Fig. 19. Temperature variation of the manned airship and nacelle with
time under three different orientations

6. CONCLUSION

In this paper, the thermodynamic performance of the manned
airship is analyzed, its thermal equilibrium equations are estab-
lished, and the temperature performance of the manned airship
is obtained by means of the C++ programming language. On
the basis above, the effects of season, latitude, and orientation
on the thermal performance of the manned airship are focused

10

on, especially the nacelle. The following conclusions are ob-
tained in this study.

e The maximum temperature difference between all parts of

the manned airship at the same time can reach 29 K. The
average temperature of the solar cells varies the most dur-
ing the day, up to 40 K. The average temperature difference
between the external walls of the nacelle varies by 25 K dur-
ing the day. The results of the study show that the thermal
load on the external walls of the nacelle varies greatly, not
only in various locations at the same time but also in the
same location at different times.

The maximum envelope temperature of the manned airship
in different seasons is oriented due south. The temperature
distribution in the nacelle is similar in spring and autumn,
with maximum temperatures between 306 K and 309 K, lo-
cated on the southern side of the nacelle. The maximum
envelope temperature in the nacelle ranges from 300 K to
303 K in winter and 309 K to 315 K in summer. The posi-
tion of the maximum envelope temperature in the manned
airship is determined by the solar radiation flux and solar
altitude angle, while the position of the maximum envelope
temperature in the nacelle is mainly determined by ground
radiation.

When the flight latitude of the manned airship changes from
20°N to 60°N, the upper part of the airship (solar cells, up-
per envelope, and main helium bladder) is strongly influ-
enced by the latitude. The average temperature of the na-
celle walls and internal gases is less affected by latitude and
varies by about 1 K. However, the temperature distribution
on the outer surfaces of the nacelle varies considerably, with
the increase in latitude shifting the high-temperature zone
from the bottom to the sides.

The temperature distribution of the upper envelope of the
airship varies considerably with orientation. However, the
average temperature of the airship and the nacelle is less af-
fected by orientation, while the maximum temperature dif-
ference does not exceed 2 K.
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