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A heat transfer empirical correlation for the stratospheric airship
based on its length-to-diameter ratio
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2. Public Experimental Center of USTC, University of Science and Technology of China, Hefei 230027, China)

Abstract: Thermal control is one of the key technologies involved in stratospheric airship applications, and
convective heat transfer is an important factor in the thermal control of a stratospheric airship. In order to
accurately predict the heat transfer of an airship,using the numerical method, an empirical correlation of
Nu number as a function of Re, Pr and I/d (length to diameter ratio) was established. Compared with
experimental data, the uncertainty of the empirical correlation is about +7%. The effect of the attack
angle of an airship on heat transfer performance was evaluated. It was found that the heat transfer at the
windward side is 10% higher than that of the leeward side, while the average heat transfer of airship is 7%
higher when the attack angle changes from 0° to 15°.
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Fig.1 Schematic diagram of the airship model
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Fig. 2 The fitting curves of convective heat transfer
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Fig. 3 Effect of attack angle on the heat transfer coefficient
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Tab.1 The comparison of heat transfer coefficients between 0° with 15° attack angle
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Fig. 4 Schematic of the experimental setup

ZERRIR2E 0.4 K MR B i /bR 228 11, 8 K,
AR X2 22 24 3. 3 V0. Z20 M6 Xof It 4 44 T AR 5 22, D)
XTI 4 B R BB KR 2208 6.3 00, SR K RE R 22
1%, 2SR AEORE N Nulk RiIR2ZEN 7.3%.
2.3 LWHER

3 AN RAR AR AL N It 5 PRERHE 5 B (E A L it 4k
XEEC I 5 Fr s, B SR BT R AR H A QE oE
AR DO TR, BT 5 RAE LR AE. WK Hh &
T RHAR O 3 AR ORI P
BRIRZE R E700. AT WL, AR SCEE S 3T R 2
LA TE B 28 560 9 U)X W S i 3 X 37 48 3R 5L A v 1Y
TIOPRG BE. 55 Ah . LI A5 R A IE ] TR AR AR [
A4 IR A B AR Ak

1000

L 1 1

800

v

1E+5

2E+5 4E+5

Re
I/d 5y 6,3,2 HISEI6 B4R AN 42 36 /4 T #h

Fig. 5 Comparison of experimental data

3E+5
= %

and empirical correlation at [/d of 6, 3 and 2

2.4 ITHARBAIIRAREI I

SER N TR AR 2 0 1 BEEIAE 0O 15° T A A
58 30 X I B VR R SR A SRk 2 A 6 PR,

S8 AR T T XU Jeg AN, 5
SO PR T AU T A8 BN AR 25 50 AT 5 T R
T 3R 22 52 29 10 %6 ~20 % FEBF 53 09 7 15 2028 Ak
BN, I 5 7R A 50 A, 300 XU T 5 8 AL T e P 2 S A
B Rk B 35 B A DL 25 B AE B ERIE. SR T, 7E 2K
ERA R, BOMA Sy 15° 0, 7 B0 it 4 B R AL 1L 0°
UM 3505 17 5256 & B, 20 A 2 s L - 3 iR
Bt R B 2 790 A0 A, L 32 R R R (A
HR FH BRI ke~ e 1T RE X 5 VT R A 45 M 1T A
BRI 2, T B B 45 R AR, IS 56 25 S ] LA

150+ A
_120r A
E
Ih; 90 - A
g
= 60 —v— 15°10 A, 1

—a— 15°TF K,
—— 15K
30 —o—(° "F‘ﬁj 7

0
1.0E+5 1.5E+5 2.0E+5 2.5E+5 3.0E+5 3.5E+5
Re

6 KELk2:1 HEE ISHAKRRRY
Fig. 6 Effect of attack angle 15° on the heat

transfer coefficient for I/ d =2 : 1 model



392 T EAFHERKFFR

% 43 %

®2 B.EHAIEHETLL

Tab,2 The comparison of heat transfer coefficients between 0° with 15° attack angle
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