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Heat Dissipation Study for Electronic Devices in Airship Gondola
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Abstract; After analyzing the heat transfer of the stratospheric airship gondola and the environment at
the high altitude, we propose an open carbon dioxide refrigeration system combined with cold plate. The
proposed approach can avoid the insufficient cooling caused by the only use cold plate. Meanwhile, by
establishing the thermal simulation model and using VC+ + software, the required mass of CO, is ob-
tained. Additionally, we analyse the state of CO, in gas tanks and the factors affecting the loss of cool-
ing capacity during rising process. Results indicate that the calculated mass of CO; meets the cooling re-
quirements for the airship rising process, and in the case of low temperature, large pipe diameter and
low backpressure, the cooling capacity loss is smaller. Our research provides technical references for the
cooling of electronic devices in the stratospheric airship gondola.

Key words: man-machine and environmental engineering; stratospheric airship; insufficient cooling ca-

pacity; electronic devices; carbon dioxide refrigeration; theoretical calculation model
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Fig. 1 Thermal control system for the equipment cabin

in a stratospheric airship

2 EFABMKXZSUEEICH CRE

BB TFRFLANAE

ASCH TN 2 R B — ol T A 1 4
Ji% . HHA TR T T} A h 4 i
356 A M T 6095 UL G T O — i
PO R 5 AR TS« 86 G o £ — S A
% I 0 20 M A L — ST A 5 2
HE S AT 1 4L e 4 9 — SO IR AT A
5 F T A UBLIR R ARSI 7T AT R T
TR 035 R A B T

=2 oS~1

3
< ped

A

4

Lo L.
Ao

8/

I/ N\

vy 9 10
1—X, 2— R ), 3— SR, 4— KWL, 5—i5 3, 6— XU,
T—Hngs, 8—m RS, O— R BB, 10—HL T 4%, 11—
WATH, 12—HS 3, 13— TS

B 2 FF I AR A B AR AT R TR A

BHE

Fig. 2 Cooling system for electronic devices in a strato-

spheric airship cabin based on an open carbon di-

oxide refrigeration



o518 [

LIPS S

5% 50 %

2T EHE K P T R G T AR

TR R, BT AR TS H
A GLIE A AL BT I AR G R AR R
b2 I [A] S5 R T30 P i SR 19— S AR B V4 5 9
[l S 78958 I S A 1 v 28 48 9 il 1% 4
P L R R DR 2R o sl S IR U v R R R
I X FAEATHFFE o0 Mr o AR 30T ZEEF X 1% R G2 1Y il
Y Pk e SR i N R AT AT

3 BRIt EER

3.1 ZEHHmRETE
DO 2 = W = I ¥ R 1 1 R ol R [ 2 =
(DM 3ok BF 5 — S Ak 170 B R A7 A 5

m=—3L A @b
hex T Uin

K m Rl ZE AR B B ¢ A IR
R &R 200 WHY S b R AR AER M HES S (E
WIEHES RS S % P, =0.055 bar, T, =217, 15
KM, FI ] REFPROP #4431 & 0l 18 h., =440. 92
kJ/kgsww AWIGE AT Z R ACRK 19 P RE AR 4 4
IR S H P, =65 bar, T, =298.15 KU, Fl
REFPROP # {8 A 158w, = 264. 79 kJ/kg; At
AR T BRI, 5 094 ST AR
b B AT AT A m =578 kg,

TR A RIS AR 7R B AN g
VEWE LA — R . A R E AN
R ) A AR RAR DA R felf P ol 2 rh B 0 % L AR SR R 1A
20 L gy LR a=0.6 kg/L. 4
12 kg,

3.2 “EUBmALFNESHPHRERAR

R TR SE AR AR 1 ¥ R AE SO RS L
SE PR TS AR R e Ao R B

(1) 220 =R A 1 A BH 5

(2) f B i ¥ S TE VS AR b FE o0 4 34

M4 T ik =X A A e ) ¥ R 0 b v RDIR 25
A9 AN [] o T B ASE B T 3 Shy B R 285455 TR 00 1 A A A8
A,

(1) FAH B AY

AR AR UL T R

dGno) _
dz

AR A Bk o 7 R

dm _ ¢
dte  h—h.

SN AR AR AR B SFE S R

dm) _ acr = +1 92w
de de

Ao o TR ABR LA R L ¢ O BLRLI ] A

0 (2

3

P AR TR K MH s w S AL B A RE - o S X I 4 2R
RECA AR G AL Tou o AN AR, T
/B i 0 I = R A T D

(2) PiAH AR

AR A ik o T R
dm _ ¢
dl’ h] *hex (5)
AU Sk BE <1 AE 5 AR
dom) _ a0 =T +0 9 6
dr dr

A by AR S A AR 3 (R
3.3 REREKME

L8 B B A TR AH 25 A L 7 R A AH AR
Ph A SCOUEN X 2 BEA T 0. th X2 F6) 13

v dm
" e T dt 0 S
ﬂl@:aA(Tmn*T)*(ufhl)@ (8)
dz dz
BT ORARX G TR
dv_ v g
dr m hy— he 9
du 1 _ h —u
dr - m |:aA(Tout D) Tth *hequ (10)

FRH SR Yt ] LA LA B9 05 iR RS
Rar

dv_ o, 4 (1)

dt m  h—h,

du 1 - h—u
de L [O,Ammn T+ 7}16qu (12)

X EE R (3) A (5) W B 285 5 AU A 7 A1 25
BT XA ALAE FAE & b flhy R—FE, K (5,
(9) (10 B Ay 795 4 245 1) ¥& ) A AR 285 0 A, 1T DA 2ot
VC+ + g R B Jeps- R sk i . Py
1 Ay AT LU 8 REFPROP 80 #4715,

3.4 HEERESW

DA A A SO B e A7 T EE 30 °C S ) 45 e
B BE RS 2 (5D, (9) (10D AT 805K A . 153
K 3 B B SN AR Ok S AR T £ .

2 O R A A 2k

8000r __ —sppmpimmas
7000 | \

6000
£ 5000}
X 4000F
3000}
2000}
1000}

055100 150 200 250 300 350 400 450 500

/(K] * kg)
3 RN A R A R il £k

Fig. 3 State change of carbon dioxide in the gas cylinder

) AR




%4l

A A BT AR T A RO 519

MIEL 3 AT LA 0N A AR AL TR
PAAR DI o gl 2 B AR 23 AH /N AU N B TR A
XERGE 5 HUM N A AR AL T A X il 2K
AR SR R SO N B TR R AR o i ET
s T X AR B AR A T EE O O A
B AL 1 R DX IS 20 9 A AR AR 2 R A IR
A Bl DA B 20 R 7 R O S IR 255 2 AU
AR AL T AR DI T RS R AR R Y
i AR D SO AE TR S AR 3 B0 UM
(9 SBT3 B IS b S 8 A5 O/ P e
TR

4 HRERKIY

4.1 HAEREXEERRITERESH

XTI A A R g R E LR
BALFE

(1) BE & ¥4 500 9 4 AOR O P = 480 A e it B2
R AT S U A T B2 e T S0 IR B SO S i A
IR 2Z 8] 77 A A 4 3 BV AR . X R
EH R QDT E

Q :JO @A (Toy — T) dt (13)

AP QAT R A H e B S o X i 4
IRH A SR e AT B A SO dE AU AR T
B Tow FAEAFAREEULIE . T S9N S LBk il
& oo R ERREGKE] 1R AT I ]

(2) B A 1 ¥ 700 3L H1 0O, L P — 2 A B s )
REEARR 24 1 g 2ok AR I 36 P ) o 8 390 T 125 0 S
L JE PR PR 0 4% £ 1 ¥4 FR0 % T vk A T AT 7 2R
HV AR . X T SR e AR P A
Ui 1R /) I 308 4 T Ak ) s 0k B 1 R P9 R
RARERE . HHREAKXWT

Q, =m, (u, — he) (14)
A Q AFIRHIEH SRR ALK, m, Ny
LhFRCAE T 1 IO P R A 1 9 R Y BT e
SR R AR SR N BE Ao ARG ME
4.2 HIREMEIHZMERSH

AR 3TN AR AR SO A A AR B O
Fa A RS 3 =4 T T R ] 4 2 4 2K 1 el P
ESUR BRI

(1) 2R A Bt =R B A A7 ik 2

DU A7 il BE 20,25,30 #1135 “C i), 3545 2
AN TR A T B T S0 N SR A PR S A v = A R
HLONE 4 s

H P 4 RT R AR AR O i A T R A
1 ¥ A5 R B LA — 2R e B 40 R EOR T A
e v BN s Bl A At A T BE 0 0 OR L o — 2R v

160 ——= O,
—- Qz

150 }

140 /

130f A/

120}

np ——

18 20 22 24 26 28 30 32 34 36
fEFIREE /°C

4 ASE AR T Byl 8 i 4 ok

Fig.4 Cooling capacity loss for varying conditions of

A EHIK /KT

temperature

A 2 0 AR SRS R X R R T AR IR
JIE 1R 486 K SO N A BT 2278 K T R AR B R
(i v R . UL, 76 SE PRl B b, AR B
T 5 14 e AV A IR 3R 0 495 5 A1 1) i A7 30 1 L 7 o
Vo 1o i TP B E R AT A AR B, B Ok G RE P Y
Rk .

(DEEHR

DI H A2 4.6,8.10 A1 12 mm Jy ], 5515
FRNRIE AR T S HIA K, i 5 PR .

300  =+0
-0,

250 -

200

150

FIAEHBIK /KT

100

50

4 6 8 0 12
FIEHR / mm
B 5 ORFEAE R I A s ik
Fig.5 Cooling capacity loss for varying conditions of
pipe diameter

&5 AT B A S AR R A — 2
PRI 5 S R KRN .
3 CL3) AT AT, 2 A 2% A AR B 275 — 2 il ¥ 4 il
FALE S BGE ) 1 Fr e RIA DG, MEEH
T 3G I o o) Vo R A A8 T P ) U 3 BEL T 3, B gk
BORE] 1 BT 0 B )3 K, — 5 1 2 S 30— 2
Y BRI 0 5 I — Ty T 23 0O/ R A T R
W T BOE 2R R RN . 555 % &
SRS TN 7 U L U T € =
(EL NS

O S

PIHESE J1 1X10°,8 X 10,6 X 10*,4 X 10*,
2X10"F1 1 X 10" Pa Ky i . 1+ 5545 B A [ HE S )
TR LR A BN A 6 PG

& 6 AT Bl HE AR ) B3GR 5 — 2



520 Moa omo= MoK R ¥ FE Ol %5 50 %
150 — . [4] DUMAS A, ANGELI D, TRANCOSSI M. High al-
1451 +g' titude airship cabin sizing. pressurization and air con-
-
= 1401 ’ ditioning[J]. Energy Procedia,2014,45977-986.
R (5] XURK. -3 J2 €AT #% 3 i A6 2 A 6 B ELD). b
-
b 1301 b Tk K2 2000,
'
.%E 1251 LIU Xin. The relevant study of the thermal control of
1201 the equipment cabin of the stratospheric airship[ D].
] . \ i — Beijing: Beijing University of Technology,2009.
0.0 4.0 8.0 10.0 O
i 100 T6T A, 7 32 B 7 A S e L. 0
5% ,2011,39(5) . 78-80.
K6 AFHERE ST S sk _
. . . . . LI Dapeng. Thermal control system design for strato-
Fig. 6  Cooling capacity loss for varying conditions of
spheric airship communication system gondola[ ] ].
exhaust pressure )
Cryogenics & Suprerconductivity, 2011, 39(5) .78~
Yo i RN X F2 0y TR T 1 R R v 80,
U0 T BT R0 R TR TR U T (7] Ao 0k A oo . o P2 0
T B R v B BRI 5 B TRV T R SR FELD. H R EL,2013,30(8) :54-59.
PRFEAAE 0k B HE S 7 6] I 2 1 ¥4 2 451 2% 5% i) A WANG Xuwei, LI Zhaojie, CAI Jingjing. Strato-
ST/ W, FESE PR AR T AR R, W AR 8 52 BR s spheric airship equipment cabin’ s passive tempera-
T R /N HE S E S ture control[ J]. Compute Simulation, 2013, 30 (8):
54-59.
5 % it [8T RIS - % ST 1 4. T P2 A 1 s 4
&4 E,CN202863755U[ P . 2013-04-10.
; M EER A : A VA SlE
- d X_,ffzb ot Eﬁl{zbﬁﬁﬁﬁ HY ] Vo ik AN A2 019 o) ZHOU Xiangjie, LUO Yiping, XIAO Jun. Thermal
. b= g = K
LA SO T — AR L e B T AR R control system of fluid loops based on stratospheric
¢ YA \ 23 VI 4E +: oA . 3 . .
il v Jr 58 o MR DL RS, ol DA A0 R 45 airship: China, CN202863755U[PJ. 2013-04-10.
(L) XS 52 i il ¥ S50 O5 A9 B B9 3 AT R AT (o tgar. o2 O 4002 3 2 ) R B A o
A 2 H AR AR I, AR S B A7 TR Hi [ ,201410247741X[P]. 2014-06-05.
1% 58 AR K VHER R J1 8N, ¥ = 3 2k A SHI Hong. Temperature control system and methods
SR N in parallel of stratospheric airship: China,
O MIFIR B BB 5 201410247741X[P]. 2014-06-05.
%%ﬂ&%?ﬁgﬁ%j&%ﬁk?%:%%ﬂ?@i?ﬁ% . []O] CAI Yufei, ZHU (,hunlmg, JIANG Yanlong, et al.
SN e N N Modeling and calculation of open carbon dioxide re-
W TR SEBR BT A v R RN — 2 e . .
B frigeration system[ ] ]. Energy Conversion and Man-
IR A agement,2015,89:92-98.
o T A SR A H L 2] A o ) e
(3% TR 8 b Th 3k B, A SCR 2 A o 42 (117 BEE26. P72 C M T34 16 10 #G F B 9e [ D,
i BB M DA 52 25 8 O AFAE B e 1 A R 1Y BT VL3RR K2 . 2015,
] i PEI Houju. Thermal design of the electronic equip-
ment cabin of a stratospheric airship[ D]. Zhenjiang:
S STk . Jiangsu University of Science and Technology, 2015.
_ _ [12] . B4 A 20 B8 22 &R 48 i i3 Ak 5 55 36 o 5
[1] YAO Wei, LU Xiaochen, WANG Chao, et al. A heat (D). 50 19 5025 it K k2%, 2015.
transient model for the thermal behavior prediction of XU Lei. Optimal design and experiment research of
stratospheric airships[J]. Applied Thermal Engineer- the environment control system in a mine rescue cab-
ing,2014,70(1) :380-387. in[ D]. Nanjing: Nanjing University of Aeronautics &
[2] KHOURY G A,GILLETT J D. JEH R[M]. £k, Astronautics, 2015.
(18] ZEE B Z e, A5, & Il Z S0k i v vk

Pde ) » B3, 45 PF. bRt B4 R 20081 19-25.
(3] XA, — fl i L 25 7]V 25 4 i R i F s [ DL

P« i AUHR TR 2, 2009.

DENG Lijun. Study on thermal control system of a

near space vehicle[ DJ]. Nanjing: Nanjing University

of Scienee &. Technology,2009.

REDFFE [T 1. 18 B 25 AL K R 24 2 4l 2011, 43 (4)
551-555.

CAI Yufei, JIANG Yanlong, ZHOU Nianyong, et
al. Performance of open carbon dioxide refrigeration
[J]. Journal of Nanjing University of Aeronautics &
Astronautics,2011,43(4) :551-555.

(% #7375



