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ABSTRACT

In this study, a numerical analysis is made of the fluid flow and heat transfer characteristics in the
solar arrays of HALE (High Altitude Lond Endurance) UAV. In the stratosphere where UAV operates,
high level solar radiation is induced, heat transfer decreases due to natural convection and forced
convection is dominated by ambient flow. In order to predict the solar array temperature range in this
environment condition, the conjugate heat transfer analysis was carried out for the solar arrays on the
main wing. The investigation focused on the temperature distribution of solar array and heat transfer

characteristics according to influence of solar energy, flight condition as vehicle speed, air density,

temperature.
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Fig. 1 Temperature profile according to altitude[11].

Table 1. Atmospheric condition.

Sea Level 14km

y Solving

‘ Import CAD data from CATIA ‘ Flow 3D CFD simulation using

FLUENT

‘ CAD Clean-up, Making surface ‘

Pre-processing l Post-processing l

Temperature, heat flux distribution

‘ Grid Generation ‘
On Solar Arrays

Heat source and Boundary condition
setting using FLUENT

’ CFD Result Post ‘

Temperature (K) 300 203
Pressure (atm) 1 0.139
Density (kg/m’) 1.225 0.22786
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Solar intensity (W/m’) 800 1,350

9.81 9.763
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Fig. 4 Configuration of solar arrays and grid for
simulation.

A AFL 1.8 mV, 2L 032%7} A3
th[12]

23 EHH A A

42 Fig 33 7L-8— A2 FPstA
vl A ek fAS
J Ass f3 F9
Ry 513:]'5]'%‘:]' Fo 2 HIFHAR
v HE AAZ FAH I far-fielde A#
AA AAE Fig 499 A4
AA o 40050 AT T
AL aAs A oA A2

:l:'



32 Sxer - 4ed 2 FRIFE (R
S AHEEE ALFANA T2l ANSYS Table 2. Material thermal properties.

FLUENT 14.02 314 =72 Ag3h%oh
AHEEE duA WAL Eq. 1[13]% 2ol
BRIl

(v (pE+p))

=V . {(keffVT—Ethﬁ(?ff . V)}+S/L
J

0
f(pE) +V .
ot (1)

ko =k+k, @)

®)

conductivity, W/m - K),
(diffusion flux, kg/ m? -

A, 5= o} gga Be A% e

A IR E wol Ag A
AT BFAA S e dUY A T B
Aol 72

o] FE
Bl FH A 9] & & (absorptivity, a)¥ TAME
A gatojof gk & ALkl A
= A7dvA WEEs A
ul

L

(emissivity, €)=

Eloll

i
o~

nn
=

o o

74071]57&-8— A ﬂ17H %L:_, %.La,
<

W/sz A}%S}Oi rtl o] uj
vl YA = &?J_%J B FE A A #A e =&
g MGt =3 vl et g AzbE
Ath XM e FLUENT[13]91A A F38k=
BE AEgon AE, Ax ARE dd B2
o2 HAsArt

YA B dHIFe 23 FAREHupwind

Solar Cell
Thermal Conductivity (W/m?/K) 109.4
absorptivity/Emissivity, a / ¢ 0.75 / 0.64
Heat Capacity, C, 961

51 T T T T T T T T T
a8 | a o Eg. -
sl u;ﬁ“ugua “s: % Sint. ]
~ 4zp Hpe 2 30 y
o .
E 39 |- N
3 A
g 36 - -
[~}
e 33 a7
&
30 | .
[ & ]
27 g
24 1 1 1 1 1 1 1 1 1 1 1
08:00 10:00 12:00 14:00 16:00 18:.00
Time(HH:MM)
Fig. 5 Temperature results between simulation and test

for scaledown UAV solar arrays.

scheme)S AM8-3FTH =
slip)e I3, ke 9F
function)&} &7 A 83T

AA wgAel= g A, BIFA AA,
FHoll o7t F WY Sl Yl e FEAkeY
AZEEH HFHA Atolo] AYapzbo] A&2 o7
Wt FFolA AEEo] HIHAR FUH
= HEEANEAZE S ALSRZ AFET. 2
kl 3E FEALA A & H P2 o] 9
£l Aol WY & WHEE oFsaA

boef o
st Zlol7] Wil BlgAE 71Eo] flal 3
Z

49l M uetn gstgon, Ausel f
Y PFRANYAE D5 Lk

HI A S oklol] =EAl
¢+ &3t Fig. 5=



H212 H[5& 2017. 10. HALE £

T T T T T T T
1.0p 4
O sim.
08 — fitting curve J
<
& 0et 1
04
02}
0.0 I L ' I I I I
16
. 14 F A sim. -
2 2t — fitting curve ]
é 101
2 e}
2 st
s s
2k
ok

& 0 40 a0 20 -0 0 10
Temperature( C)

Fig. 6 Solar arrays surface temperature according to
density and velocity.
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