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Abstract: To explore dissolution limit of air in liquid hydrogen and to understand possible exist-
ing modes of nitrogen and oxygen molecule, Scartchard-Hildebrand model (SH model) and modi-
fied Scartchard-Hildebrand model (MSH model) were utilized to conduct a theoretical analysis on
the dissolution performance of air in liquid hydrogen. To solve the problem of the unreasonable
solubility parameters near the critical temperature of solvent, a new formula for solving solubility
parameters was proposed and the air solubility in liquid hydrogen in the temperature range of
18.0—32.5 K were accurately predicted. Based on the experimental data, an MSH model suit-
able for gas solubility prediction in liquid hydrogen was proposed. The results showed that the
solubility of nitrogen, oxygen, carbon dioxide and water in liquid hydrogen were 10 %, 10 "%,

107°" and 10™* mole fractions respectively, indicating great differences. The dissolution law and
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existence form of air in hydrogen is divided into three states as the air amount increases: com-

pletely dissolved nitrogen and oxygen; nitrogen solubility but oxygen partially solidification; par-

tially solidification of nitrogen and oxygen with the ratio of nitrogen to oxygen in solid particles

gradually approaching that in air. The results provide theoretical guidance for the safety design of

liquid hydrogen system.

Keywords: liquid hydrogen; solid air; solubility; prediction model

A HA R K Al U e S B AR
KAt R B T £ B AR IS i AR P AT
BERHAFTE D ST B A B EER A AL
T80 A U il T AR ARG 2 AR RIE AT 5 el A,
FRY AP R [ 2 B M AL o3
SR AR ATRRIES L Y [ S Y 2 I A O O i I TR
AR GATEIEIE SR NG AN R 2l
PRI [ 2 e 50 A B R S 00 oAy o A T 2 K T
5 B IR R G R R AT R S R
T8 S R AR i R e i S i R

FII S 8 B [ S R R AT T A e A
WEFE 2 i e 2 0 I A5 2 e PR 2R R ST
A R 01 T A A o R R DR L B kA
it o M JLAR 02 0T e T 18 25 7E i A P R R 4
PER BRI SR B 5Y . 7R HIS )R | A 2 E AR
RFR B> T2 A T R AW A WA 2
KoM B 3L 5 4% T Boltzmann A 45 & 1 5 %0
FE T T 25 R BE R R R A OB S A A
SCI R I USRI BRI 5T Bl i 48 - R
f 05 AT T 020 i T S BRI SR, = R
AR IR TR A 7 A R B A G L UL 20 b 28 Sk
TR R A R SR A R B T T
e A SCRRAE o T8 A B8 ) B S JB s 11 Y AH 1 1657 ]
1 ¢ O (1 O T QI L oy S T R SR SR
PRI ORI R BT Tk AR AL (H
A W FEATIAFAE B R Sy BR S AR 22 75 1k AR 0T 52 96 %
PR IE. BAh LR 20 R4 R T 181
HH P87 SR e LA K, i 28 i e B ALV W VR L IE ML
VAW (SH L AD T A P HE Y IE BV TR R (MSH
B ) A, N7 1 — 2 TN [ A AR L 3 5 v i
JE BRI EAE SR Horh, SHRE AL AT 78 i 8 [
- A 592 36 B0 B9 % 1 T B0 TR R B I
BB RN SN .

AR SCUAH A -2 ARG AW T X 48 o #Le 7y
Hr 55 R Y A6 1 52 B AR SRR A BT B TR L R
L fifp PR DA B R Y A SR AR b T i 22 1
A A T2 2 B S BRI A RN W OR A . 7 I R

http: // zkxb. xjtu. edu. cn

6 HE A TR A T 9 SR AR v B A R AR
AR BR 0 A7 28R W R AT AE AR
SR SR LN TSR T e o VTR RSP/ Dik o
il S Hig s 5

1 2R i AR Y

PAN,-H, ZIJCRGEN ] 3 HRIC o 1% Bbr
WA 2. FETHER XA, AR O 4 WA D A
TIOnIRG W . MR - 0T &R Ik 2 A - i R R R
AR A AT LA 5 ] A% 2% S5 A A U VR A v 35 At 32 L AR 90
Preton fl Prausnitz""*) {9 43§ 0T 1, 24 45 [&-[& 5 4
AR B US INE AR RS T LM IE

Iny,z, =— %(1 o T’I;‘ )7 AI[;IFM (1 N T:m >7
B0-Fk) o

K 2, N, FEWE T U IR 50 57, R
WG REGAH,, 9 Ny 3 R4 008 BRE s T. i it
SRR L 3 T e R AR B AR R 5 AH e W 0 AR B
RS s AC, S Ny WA T A () 825 25 Z20 W i B Ok
AC, 52, AC, = C\— C3sR i@ FH <K % 5%,
R = 8.314]/(mol » K),

H 2 (L) AT, SRS B 2R 5 R R 4 BB A E —
TUVRAH T BV A B T T B R BRORT R T [ 1 U R
R 5E
1.1 SH#H

SH AR R IE MU W FEAE . YR mh — 4
3 FR BRAE S AT B 3 I 0 U R A o I R A AR AR
b« WRT BRI 5 0 E RV VR

XFF SH ARG WA T 453 2 BT BE R ECh

V.0 (8 —8,)°
lny, — % (2)

b Vo i v MR BE JRAR R 0 i ik S

SR L R NN N S G i K
, V,

Vi + 2.V,

1 T P AR R B T R @ =1,
Vi ik T2 2 B00] | e 4 25 K RE RN R BR 1 o

@] — (3)




PN

857 %

8 = iz = (AV”V):,Z )
5, = ciff = (A{}V ) (5)

A AuY RRTERZEKGE LY E LEFERE
—E I A R AR 26 e B B AR AR R 55 KD 1Y)
RERE ARk s IR 20 7 [H 0 N AR B E 5o WA

Jo - [E] Y N SRR 2
Xof T A A P B B M A, TE RV VR B T 4y
TR ) 80 @B R Be % A OC &R )

fli 1 London A3 3R
cr; = (eprean)'? (6)

A e AR F o F I P R A% B . SH AR Al
1% T & A AR sl S A M IR &
1.1.1 REAFERKBRV, folE i E A0
R 70 TR B BE IR AR
vi =M (M
o
R E SRR B L RN
AR®? — RT \ "2
b = (A7 KT ®

e AR HRAREE R ZE KNG sV AR IR,
1.1.2 BREREKRV, faliBEHES,

TEW ARG P A VR L R AR KX 4 FhiE R
AR E A R AR, BITE p-T B EARAETEWAR . 2
2% Preton M Prausnitz-"*) it 23 87 , F| F 1 I 09 4 o0
TR RS V/V-T/T. & o/pt*-T/T. k.

ARSCR 3 LA ME ZFH LR, Al %
VT BE JRARFR V! RNA R FE S 500 A6 &R
\%)

7:a1T5+asz+asTr+a4 (9
- 4‘3;;0‘5 — T 0T 46T, + b (10

X T, = T/Tos Teupe Ve 7359 9 4 95 5T i St
I 2 e ST g Rl S R AR B s a b DR UL 22 T
2R R 1R TR R B S 28 a6 1Y HAR R
fE 1 7R T AN TR 9 T B R KRR 5 3 A 3 2 B
T, ML &R AT LUE L BERAR RV OTE I 3T i 5
ARZS I AR A B Jel B 0 ik 2 B o W R B B
e 1URNCI R

0.55

0.50 |-

Pl 1 O R A B U i S I I 8 A 1 il 2k
Fig. 1 Extrapolation of molar volume and solubility parame-
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Table 1 Solubility parameter fractions of four solutes
b 351 a, a as a, by b, b, b,
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Table 2 Difference of solubility parameters &, —&; calculated

by experiment and SH model
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Fig. 4 Solubility parameters of subcooled liquid nitrogen and
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