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Calculation of Thermophysical Property of HAN-Based
Liquid Propellant at High Pressures

PAN Yu-zhu. YU Yong-gang.ZHOU Yan-huang,LU Xin
(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To systematically study the high-pressure thermpphyiidal iproperties=of HAN-based liquid propellants,
considering their specific molecular structures, the thenmal physical prepexties of HAN-based liquid propellant
LP1845 at high pressures, including density, specifiehbeadb, saturated vapet pressure, evaporation latent heat, molar
transformation heat, viscosity, thermal conduttivity, diffusivity,leté, were calculated by using the theoretical or
empirical formulas for estimating the|ltheymophysicals ptoperty parameters of liquid polar substances. And the
diagrams of these parameters under variable tebiperatures and pressures were drawn. The results show that the
high-pressure thermophysical propertiesyoft N AN-based liquid propellants are not quite similar as those of ordinary
liquid fuels.
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Fig. 1 Liquid density curves of LP1845 versus
temperature and pressure
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temperature and pressure
& 2 AT AEAR TR e 0 45 40 R L IR BE A 300
~600 K B, 2 b I 2S BE AR 32 R B2 1Y 52 e 5 22
Jo o BEAE TR b T AR A G O 2k F O —
Tk 2 N B B TR S O R B A B L E T L
PRSI B IR B Y 3 K 20R R R YR R
1400K PhJE o i BEXS e AR FE A TC s, A 2 th
W LLE B, Y R ik 3 LP1845 1y il L
(68. 1 MPa) i}, 2 F bb PRSI B K
2.2.2 RARZIERME
X T WA E s LIS I A 55 L R TR O 1
PH DT Bk XS LG 2 W . 2 8 B AF T Y IR R A
&5 % Sternling-Brown 2836 23 2% B W AR E
e Zs C,. Sternling-Brown 23 20 By 52 51 /2 i FH 12
I VE NI N R R N A S E A R 7 S v = e S SO B N ]
JE R FE RS S BN VTR G T L B2 AN I B 1 bR
B, gL r
Cp—C)=R(0.5+2. 2a) g(T,) (1

) e w““\ﬁ

(8)
AT, A WIRE.T.=T/T..

3 45 H 50 MPa JE 1 F LP1845 (W 1k & &
PR RIR M A8 L O R . Bl 3 AT L, 76 3 Il 5
TR XSSP 3T VA R LR I T R, R
I S 824. 3 K BRI R 1 L A2 DN 2. 98]
cg e K EFFE 15.30] e g c KL Z G
SRR BT TG I SR R DX VMR LG A
IR Z IR W50

16

\\\'600 400500 600 700 800 900
TIK
g} 15;345 AR A BEIR Y I L Bl 2k

1/ Liquid specific heat curves of LP1845

2.3 MMEFE
BT HAN B R & 55 25 S 1 A8 Wi 1A oAt Fn
ZZSJEM i Clapeyron J5 i, Bl .

dinp,_ L
d(1/T) RAZ,

K s po, WIRFIZE S MPas L 28 & i #4, k] /mol;
AZ, I IZES SRR 2 8] 0 R 46 R 2% .
Decker'™ ftf By 52 56 F B I 5 17— 5 I & 40 L I
LP1845 . LP1846 117 T ¥l . A 0F 58 i i 48 5
B HAEICA b Clapeyron 52, NFRIS 4 H
LP1845,LP1846 7 5 # KU T /9 ¥ & 73 5 hy
399.9.396. 7K,
AN ARG L/AZ, B B 5 IRE TG, B
5375 R (9) A 7
In p,=6c—06/T aom
Ko HRDHE6=L/(RAZ) .
7 (10) . FK 2/ Clausius-Clapeyron J5 2, 1F /)
T DX ) PR S — A L 5 BHLARL 17 2% AR D SR B X
3T Clausius-Clapeyron J5 2, 45 & Decker il
SRR L A ST LA LP1845 {2 R R
HiRE KRN
oy = 100071958670/ T (an

versus temperature

(€D)




76 KM B F AR

3B EF AN

2.4 BEERBHMFERETH

5 R IR AN 25 RS RN AAR 2 8] A K 25 5 B8
IRAHAR POE 48 1E— 8 IR B AR ) 451 AR e A2
PRSI TR P P 2 R 22 (E AR N IR
K 2% BVTEIR B AR 15 R A8 I R g 728 £k 330 4 R g st
FEIR K AR AL . =B Z R AT AR A

AH=L+AH; (12)
Kb AH Oy BE R A ZE 3K, k] /mols AH Oy 45 il K%

2= ,kJ/mol,
HY 00 0 g AN B I B T 78 Ak 78 v R
T BE () B {H pR B . ZE W L Pitzer w0 B
KRAXT IR
L
RT,

=7. 08(177‘()0.35’1 +1O 95(0(177‘;)0”156

13
F A TR 2 R AR IR 25 7T L3RR

Ay, A [1+%j (14)

RT’ B

K Z G A, 0T H SRKORE R A=
a"°/RT,B=0b/RT,a.b & XIRJFFE(2),

A3 (IO A T LP1845 78 & 1 3

ﬁé%*ﬁﬁm%%ﬁrﬁ%ﬁ%%a‘é%Hﬂé;%,iztlll’%l\élyﬁ ;

60 I e 4

50 p=30 MPa ®
o~ p=50 MPQ\\
340 \9 N
= 30 \(\\»
<
S 50l
1

10F

0 1 1 1 1 1

300 400 500 600 700 800 900

T/K

B4 LP1845 &R EH R E/RET MR E K T i &
Fig. 4 Curves of evaporation latent heat and molar

transformation heat of LP1845 versus temperature

F I 4 TR I R E Y T T S 2 R0 A W R
K. M EE H2E LP1845 Ay il Ui i 824. 3K Hf,
AR T % . BE IR AR B3O s g R B B
T IUERETE—E W R TR L B IR B Y T R BE R
ARAE TR /I o T BE — B He T R R, R RO A AR
M . FERESE B9 g LA 2 O LP1845
(I AL 824, 3K B L EEJRAHAR A T &,

3 MIEMRMNEE

3.1/ OE
A Murad 2 2055 ¢ & X € HAN 2

RS R A A RIR N

o 2907. 9p°
In y 9.3737+ 0 5 (15)

Ky =9/ (MR .y BN 1% H % . Pa e ;T =
T/Bsp" M3 . XFF LP1845:¢=1. 8141,
B=1.1684,

R4 2 (15) 3H55 T IR B2 o 300K B LP1845 (1)
sh I EE B E T i AR ARG B R S B,

9.0

~ * i
wn =) [

n/(10°Pa - s)

~
=)

830 20 30 40 50 60 70 80
p/MPa
5 LP1845 REFRERENMNTHEL (T=300K)

Fig. 5 Liquid viscosity curves of LP1845 versus
pressure (T=300K)

)
‘?'4)53%3\1\51 5 ﬂ@‘(\rzsom i}, 7E 0. 1~70 MPa, i

~ i

AR FE BE SRR A R OR L S A

‘ 77:(0. 0278 p+6.5685) X10* (16)
3.2 BRRY
FERRUE RS o MR W 5 1) 5 34 22 50T DAAR
¥ Latini J7 &M ok 38, M HAN LA & 5524
LP1845 F A — Fh i A 85 R, tho BT LR e 32 0k 3
AHAERIET MW SR RH, Latini )y ik o %
RA
_wWa—T)"
T
L2’ HIESFHAEH . Wem ' - K,
W B X R TR Rl b & A A i Rk 50, xt
T HAN BER K G 25 il ad A 3£ nl 15 .
W=0.494T%'" /M"> (18)
FERE T REY RN THRER S KK TS
PRBZ A 5% 2 v] LU id Missenard 3¢ 232075k
%o ARBFSE R F Gk XA & 53 25 LP1845 T4 R
AT IE . Missenard X R RIKTE AN .
A/ A=1+Qp."" 19

A an

K
Q=(—0.00357940. 032518T,) +
(—0.00172540. 006630T,)1n p, (20)
A9 O35 T LP1845 Wik 2 S &
B T B R R ) i AR R 2, dn 18] 6 TR . H I 6



%35 %% 4 BEEA. RAR,

AEXR. 2. HAN g AAHAFERDEL G EE 77

Ca) A WL, 76 D) AR R B 2540 T L BB IR EE /) T, =
RPN . HIR A 300K FHE] LP1845 Yl
SR SR BN B R 107 A4 . WK
6 () iR W] LUF g X LP1845 F# R #1 5%
M/, HE 6 (b) n] UL, #E R B 300K B JR
M0. 1 MPa /i 2] 70 MPa I}, ¥ 14 5 $4 5% £ H AR
X T 1.12%.

0.20

p=60 MPa
p=0.1 MPa

e
= 0.08F
-

0.04 -

300 400 500 600 700 800 900
T/K
(a) A—T %k

0.1980
£ 0.1975F
M

g 0.1970}

~ 0.1965

0.1960 y v
0 10 20

e =

(b) A—p %k (7=300K)

& 6 wm%ﬁﬁ%m%ﬁmﬁgﬂfﬁﬁ%ﬁﬂﬁ

Fig. 6 Liquid thermal conductivity curves of LP1845

versus temperature and pressure

3.3 WHEH

PRifE KA T AR Z oo 8RB Al 58 07
fRZ . Fuller % 5 3k 7= A () S 25945 25 Je /v o B
)z H e gk B AR > mT 5, OB 0

0.00143T"7

PM (D1 (X))
XDy BY HRE om®/s; My, =2 (1/M, +1/
M)~ 20, A F 8 EOARRR h E F  EOA BUE n
ZG | I AN DS o T € N AW A T R e 1 € % A
scikl12],

h T WG R )R B R B o, Taka-
hashi " 4 1 X HEAS 73k, HoHE R -

=(Dp), , (1—A'T;¥H(1—

D,,= 2D

C'T,*)

(22)
K (DL FARKTIE T BRI SE M
TR (Dp),. A" B \C' E'Bfi p, B2 Ak 1M BUA [F]
RE. e EBIEXAEAERE R 0<p,<5,0.9

e
\TQ«LM ““\\’Lﬁ ol
AN

LCOFWXFILES po AT HLIEE T,
T At s, B

<T,<5,
i Kay IR &

b= p
" (yipatyepe)

(T
T— L
1 (yl Tc1+y2Tcz)

Ay MEEIRAYEG R bR 1.2 43 3403 w5 FoR B
B SR SR RSB ZE SR

SARR AW (10% ) LP1845 Ik 28 5 A1 90 %
B N, 20 76 A 8] 9 38 3 A R ) T 9 80 &R B A
e 2 WE 7,

18

(23

15F p=10 MPa
i p=20 MPa
2 12k p=30 MPa
9

D,/(10%cm’

6F
3/
300 400 500 600 700 800 900 10001100 1200

T/K
(a) D,,—T £k
o)

*

°c

D,/(10

0 ]IO 210 3I0 4|0 50 60 7I0 80
p/MPa
(b) D,,—p W% (T=300K)
B 7 LPI845-N. SHEHEAGWHT MRS
i EE S 2 E R K R
Fig. 7 Diffusivity curves of LP1845-N, gas mixture
versus temperature and pressure
i & 7 Cad AR 7R R ) R AR i SR IR A
P (047 18 AR 0 A A R % B R R IR A i R
B 1 1] sl B R 2 AT R T o R 0 kAT
M 7)) I LUFE L FE 0. 1~10MPa F L, 3" 8 R #
Bifi 25 JF 7 1) 386 R 3 gk /N s 10 ~ 70 MPa T, i % &

IR B HOR KR W AT D
1% it

(I ) AT ] e s e 3 28 50, 3150 i HAN 2%
WK 5 25 LP1845 1Y g Ji #4 1y B PE 5T 2 40 h
AN JE I 1A 8 24 v e A3k o 4 i B2 3SR 4L 1T
43 HE A B

(O MIEAIE B 256 28 N5 B HAN Je i &



78

KM B F AR

3B EF AN

KU Z5 LP1845 F1 LP1846 1y I

B 1 5x ) A

68.1,91. 2 MPa, IIfs F- i B 43531 & 824. 3.811. 8K,

Bk

(1]

(2]

[3]

(4]

(5]

FERE R WRBTAE. BORMBOH = 2R R e )], LRk
WP, 1982.3(3) 1 276-283.

ZHUANG Feng-chen, CHEN Xin-hua. Theoretical
investigation of fuel droplet vaporization at high pres-
sures [ ] .
1982,3(3) :276-283.

Hsieh K C, Shuen J S, Yang V. Droplet vaporization

Journal of Engineering Thermophysics,

in high-pressure environments I: near critical condi-
tions[ J]. Combustion Science and Technology., 1991,
76(1): 111-132.

FE R T HEE AW S KR B RO A 5 A
L TAE R R BLBE S (D] dE 5t b 5 il ok
2%,2008.
LI Yu-qi. Properties estimation and in-cylinder work-
ing process simulation of DME, biodiesel and the blend
[D]. Beijing: Beijing Jiaotong University, 2008.

Klein N. Liquid propellants for use in guns - a review,
ADA153051[R]. Springfield: NTIS, 1985. /
Decker M M, Klein N, Freedman E. et als

physi ca >L

based liquid gun propellants:

[6]

7]

(8]

[9]

[10]

[11]

[12]

SR
N\ﬂﬁ

KA. HER. WAL GIM] dbat h EA A
At AL 1993,

Poling B E, Prausnitz ] M, Oconnell ] P. The proper-
ties of gases and liquids [ M]. 5th ed. New York:
McGraw-Hill Book Company, 2001.

Kounalakis M E. Faeth G M. Combustion of HAN-
based liquid monopropellants near the thermodynamic
critical point[ J]. Combustion and Flame, 1988, 74
(2): 179-192.

BRI, AR IR I R B
et R4, 1996,

Lee B I, Kesler M G. A generalized thermodynamic

[M]. dbxt.HhEA

correlation based on three-parameter corresponding
states[J]. AIChE Journal, 1975, 21(3): 510-527.
#mutil, mOLE, XIS, (b DRI IM] deat. i
AR R AL, 1995,
Fuller E N, Ensley K, Giddings J C. Diffusion of hal-
ogenated hydrocarbons in helium. the effect of struc-
ture on collision cross sections[]]. The Journal of
Physical Chemistry, 1969, 73(11): 3679-3685.
%lhashl .ARreparation of a generalized chart for the
diffus ﬁment% of gases at high pressures[]].
;‘%f Chemical Engineering of Japan, 1974, 7
417-420.

ADA195246[ R]. Springfield:NTIS, 1
.

(L#F 57 1)

[3]

[4]

XL
HUANG Zhi-ping, TAN Li-min, V\CAO Qing-wei.
Quantitative analysis of migrating components in inter-
face of NEPE propellant/liner/insulation [J]. Chinese
Materials, 2010, 18 (3):

Journal of Energetic

330-333.

R, @y, WK, NEPE #edt 5 /4 J2 8 2 5 m
JEIERERAL 7k hoe (0], [ M ok A, 2008, 31
(6): 650-651.

WU Feng-jun, PENG Song, CHI Xu-hui. Study on

characterization methods of interface thickness of
NEPE propellant/liner [ J]. Chinese Journal of Solid
Rocket Technology, 2008, 31(6): 650-651.

Anderson ] M, Pavelka T D, Bruno P S. Techniques
for assessing case liner-bond integrity in solid propel-

lant rocket motors, AD-768315 [ R]. Springfield:

[6]

[7]
[8]

NTIS, 1973.

Patricia W S, Development of a power-law crack growth
model for a rocket motor propellant exhibiting nonlinear
viscoelastic behavior [DJ]. Georgia: Georgia Institute of
Technology , 2001.

ML, KUK, ZEE ETHRIAEBAENE S
o fA At R 500 g 2 e e MR (0], KB 25444k, 2008, 31
(6): 98-100.

QU Kai, ZHANG Xu-dong, LI Gao-chun. Research
on mechanical performance of composite propellant
with cohesive interface debonding [J]. Chinese Journal
of Propellants and Explosives, 2008, 31(6): 98-100.
VRE R S IM dbst. B A, 2006.
Giants T W. Case bond liner systems for solid rocket
motors, AD-A242297 [R]. Springfield: NTIS, 1991.



