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Numerical investigation on the operating instability of neon charged cryogenic
loop heat pipes
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Abstract: Cryogenic loop heat pipes (CLHPs) , as efficient two-phase heat transfer systems for the cryogenic temperature range,
have been widely used in many engineering applications both on the ground and in space. The operational stability of CLHPs
directly influenced the performance of the thermal control system. In this study, a system-level transient model was employed to
conduct transient simulations on the operational stability of a neon-charged CLHP ( Ne-CLHP). The phenomena and causes of
pressure and operating temperature oscillations in the Ne-CLHP were simulated and investigated. The gas-liquid distribution
characteristics inside the key components of the system during the instability process were analyzed in detail. Combined with the
temperature-pressure drop phase diagram, the instability mechanism was examined, which revealed four distinct operating states—
stable operation, oscillation attenuation, oscillation amplification, and periodic oscillation—that occurred under different operating
conditions of the CLHP.
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Fig.1 Cryogenic LHP nodal network model diagram
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Fig.2 Schematic view of the CLHP equipped
with an auxiliary loop

B3 5 R I A 2R S8R 0 0 2 A
#=1

PPt

Y 2B BTV E I RS, 28 At BE i
I U PRSI , 3o e v T Al I8 2 e it o A 7 Ay
Ja AR E A, ARG B R S
Vo RS IR I BT 22 v A 1] B 0 1) e POIRZS Y
TR, S R A N T2 A AR D R I, KX
(B0 R TR 220 ) 1 2% 98 1 0 R 2 O s B T it 2 1Y
ARAG S BEUE 5 A5 R AR5 2 B U] AR Tl
{E, X AT AR TR v 220 T 228 K A B A B
IR PSP | S B0 T AR A R 2 2% i B ) S B
R, e AT 1R R GRS AR

G LA AN S KL

Tablel The saturation physics properties parameters of neon
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T,/ P /MPa (ko.m™) (kg-m™) (wPa-s) (pPa-s) [mW-(m-K)"'][mW-(m-K)™"] (K-kg') (mN-m™")
30 0.22  1154.00 19.83 88.80 5.13 138.14 8.16 81.79 3.85
35 0.65 1044.20 55.11 59.09 6.28 108.23 10.65 71.35 2.29
40 1.46 897.21 134.66 39.06 7.91 78.04 15.74 53.87 0.88
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Fig.3 The comparison of modelling results and experiment data



5 6 3]

ke 45 A T RV I A 1247 AR E PR D 20 Hr 73

& 3 (b) ml R, 352 i BE 1 I il 2 5
BAEREB AT o 19 10 {32 B A0 fi 25 11 R AE =
[n] ¢ Tk o e, WM IS T 2 Tk i BE T AR L 3 R R
TIREE, AHT P I X R il TR R 5 R
T2 B A BB T 2% e e BE T L 0 A AN 34 2
PERTEL,

2 BRERLIT®

21 RRREAESITAREMRME

EIXE R G745 TR 10 2.39 MPa, fi B $4 6 o
Qg M 1.5 W AT N 30 K EE, R E
T, 4 290 K, RO A BB 42 T ik 72 b R e Ik 25 i)
05 EA TSR A RN 4 7R 5 BT b 2 B

0,=05W 0,~10W

0,~1.5W

RS AL B =N A L R K G e oY
VRS [ SR [ 5 1 T ROIRAS LS 3, R
RS N BT BEAR T 0.1 IR I D 5 i &=
StV A ) IS, AR e iy A A Al VAR ] % 3 11 8 g <
WP ARTR AR

H1 & 4 R, 7R B B T (2% R A IR AT
H 0.5 W Rz R as A 1.5 W) I, REtiats
fasE AT R AL 2GR R g, HiZ 5
RS R, I FE R R AR A mE 1.5 W
i, 7E 8 000~ 10 000 s 7 Fil A BE VLI 3] B 4 1) et J32
FIE A5, {2 10 000~ 12 000 s P4 30 A 5 0 5
YT 1.5 WARTHE] 2.0 W B $A 67 fa 245 5|
AL ) R G Sl AN P T U, B ] 4 R KR
ARG A T AT ER

0,=15W

0,=15W 0.~15W
391

T/K

35 R 1 i i

0. ~15W

Oy=1.5W —0— RGN

O FFEAAREETIRE
NV AR TR AR

0.8

P/MPa

t/10° s

B4 (5 BTl R 55

Fig.4 Temperature and pressure oscillations in simulation
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