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Speed of Sound and Excess Isentropic Compressibility of n-Butanol +

n-Heptane Binary Mixtures

ZHANG Hengfei ZHAN Taotao HE Maogang ZHANG Ying

(Key Laboratory of Thermal-Fluid Science and Engineering of MOE, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract n-Butanol is expected to be the next generation alternative fuel. Thermal physical
parameters such as speed of sound and density have great influence on fuel injection, atomization
and combustion, however the relevant research is still lacking. In this work, the Rayleigh-Brillouin
scattering method was applied to measure the speed of sound of n-butanol 4+ n-heptane binary
mixtures at 298.15~433.15 K under 0.1 and 5.0 MPa, as the fuel containing n-butanol. The isentropic
compressibility (k) and excess isentropic compressibility (k) were calculated combined with density
data from literatures. The results show that the speed of sound increases as the n-butanol molar
fraction increases, while k% increases first, then decreases to negative values, and increases again. The

intermolecular interactions are analyzed, moreover several suggestions are provided for this mixed

fuel application.
Key words
perty

0 5 =

T R R SR A A B T, R
IR S5 A0 DA SRR I A AT RS . IR T %
Wﬁ—ﬁ%%ﬁ%ﬂuhﬁ%ﬁﬂzm\%ﬁmwﬁ
GRS SP0MREVEF SRS B A~ T
SRR, FREBNYS CREZ T —RE
AR W TE Bt B S5 am A LR BRI,
R AR O IR A AR B A PR RE R, HIG IR 5 1
B BRTR S A E R & BEBRRL ) B AR

H T2 1A BAE T D AP, RS IR
%mﬁﬁ%ﬁﬂﬁﬁ\Fﬁm#Tﬁﬁ@%%m%
D3RR, XA Z O BB TR A
Yeis B#A: 2022-08-25; &7 HHA: 2023-03-24

HEWA: FRARFEIEEFBHH (No.51721004)
TEHEIN: kiE & (1998-),

95, WO, RN

speed of sound; Rayleigh-Brillouin scattering; isentropic compressibility; excess pro-

RIS, 5 R AR S 2 o O AR BT
e IR G 4 (B AH ELAE FALER, g 7 el B0
WA 22T s EOCHRRE I AR A BE EL T 58 LA S R A%
FEMBIT A EENIESIEA B,
Wﬂfﬁ%ﬁﬁ%ﬁﬁLﬁf&%hw%ﬂﬁ
Fik 420 K. Sastry Bl Nath et al 491 Jil& 7 1ET
EﬁmﬁfﬁfﬁéM@fW11MPa$u%BJ5~$B15K
NREEAE R, THE TR BRI AN R
JE4E3 . BRIGLAAN, R DA B i B 5% 96 L Y

RGN EE S I T T A o e
N T BN S WRRHE SE PR B 26 1R B s s

BIEMEE: 7k B, #d%, E-mail: zhangying@mail.xjtu.edu.cn.



858 T B # mw ®H ¥ W 44 %

Bt 0RO, A SCR) R i R A B KO O V2 &
TIETE: + ERRAYIEREE N 298.15~433.15
K At /74 0.1 MPa. 5.0 MPa FHIVRA &=, 45
B Ho A AP B V55T IR A 1 A5 09 e 4 2 DA
JOT R IEYE R, X RHAT T A ie.
1SS
1.1 SKIamrsst

A SCAE 0 1E T BT IE BE g ik 77 2t b i R
Pr T AR A IR A = 524k, H 4l 55
99.8% H1 99.4%.
1.2 XWHE

i AR A EEL 9K S S A — e A B
WL, HIEARFEIR. ST E RN R4
BUR, B SZIAR  FIG E AR AL R ], T
BRAL 2R Bk T A2 F0 T AR SR eR A, TR T R
TS e M5 5, AT P A 3R E
LAY BER SR A AE R 6,

Bt A B YK O A 8 R = AR AR IR U 2H R
S A B (B). AR EGAIIE (R) A A LK
W (AB), Wl 1 PR,

ity ) Vg 5 A FRL MU (OB A B IR ) ) g A
ZFEERONAT BINARS . AR 2 BN, AR
WS RN BA W KR

c=2mvg/q (1)

(tr1 —tB1) + (taB1 — tr1) + (tr2 — tB2) + (taB2 — tr2)

A, ¢ AEHE, mst; vg NHEWHE, Hz; ¢
NHEUFH R BRI, m—t, A R A e

q= 4;\Z(:rsin@; ~ i:SiHQEX (2)
K, n RTFARRIPTE 2 N NBOLIE R
JL/Q, ms; QS\ QEX %%’J?ﬂ%ﬁl%ﬁﬁﬂ)\ﬁﬁﬁ%y (0)0 i‘,l
NI AN (11°), ATARAEHT e = (2) KHL
AR, Easa (1), (2) H2FE AN ERE
e

'UB)\O

= sin @Ex (3)

Hii e n-butanol + n-heptane
4k -

10 FSR=15 Gz =l |

S T=393.15K

< ok N " p=5.0 MPa
¥ i ERL PRI | B2 A1 HLPH e .
: I
5 .
~ 10%F |
I

10! | 1l

0 500 1000 1500 2000 2500 3000
Ay fa]/ arb.

1 SR ER A A EL I O 0 1
Fig. 1 Typical Rayleigh-Brillouin scattering spectrum
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Table 1 Speed of sound of n-butanol +
n-heptane mixtures

T/K ¢/m-s~*
z; =01 2, =03 2, =05 z, =07 =z, =079
p = 0.1 MPa
298.15 1124.0 1135.7 1144.3 1176.5 1221.7
303.15 1101.4 1112.9 1131.7 1158.3 1200.6
313.15 1058.8 1072.7 1092.3 1119.6 1163.5
333.15 976.7 987.0 1005.6 1043.4 1094.7
353.15 893.8 909.0 929.3 967.5 1024.5
p = 5.0 MPa
298.15 1156.4 1167.5 1179.0 1210.2 1245.8
303.15 1145.0 1145.7 1160.9 1190.9 1233.0
313.15 1096.8 1107.6 1123.4 1151.2 1193.0
333.15 1017.3 1028.5 1051.7 1080.5 1126.2
353.15 940.9 949.6 976.4 1014.9 1057.7
393.15 795.9 805.9 835.5 866.0 917.5
433.15 649.8 657.7 684.5 728.6 780.7

g RONRE W IE T W B IR 73 4K

1300
1200 2w
1100

700
600

13
>
]

0

20 0.9
lmes ﬁttedby Eq (5)
300 320 340 360 380 400 420 440

T/K

RGBT ERGEE . 52

Fig. 2 Speed of sound of n-butanol + n-heptane mixtures
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Table 2 Fitted parameters of Eq.(5)
and deviations

X1 =0.1 ] = 0.3 T, = 0.5 1 = 0.7 1 = 0.9

Ap/107%  5.313 5.279 4.936 3.673 2.963
A;/107%  —3.497 —3.451 —3.199 —2.355 —1.846
Ay /1071 6.654 6.519 6.038 4.585 3.619
B/1077 1.065 0.979 1.100 0.6703 0.380
C/107'° 3834 —3.506 —3.883 —2.466 —1.457
ARD/% 0.91 0.66 0.66 1.45 1.05
MD/% 2.07 1.72 1.69 2.55 1.80
3 0.1 MPa 5.0 MPa|
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Fig. 3 Deviation of experimental values between
experimental speed of sound and calculational
value with Eq.(5)
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Fig. 4 Relative deviation of speed of sound between
experimental and literature values
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Table 3 Data source of thermophysical property

i HE JBE IR IR A

Neruchev et al.['?]

THE L RE b i 20 B P B R IR LR 3.
Hrp, PR EREIK R oy, Rw AR A R
SR AR T ST TRLE R R 2

P = RO + Rl.’Ifl + RQ:I:% (15)

X, Ryos Ri~ Ry N: Ry = r1 + roT + r3T7?,
Ry =ry+rsT +rgT? Ry =17 +1rsT +ryT?, 7,
HNMEZH. WA TR REIIKT 0.994.

x4 RN + 1T BEVRA Y0 S50 s 4
R, IS EEHEGRZRE PIITESR. EBHE/N
TR LD LA Redlich-Kister 52 18]

ﬁfzxr(yﬂmyi:@@m-wy (16)

A &y AMEZEL n NEZTEURITAIREL.
RIRAE R bR e 2= T 25

2
5 (HS)> _ \/Z (”Eexp - chal)

m-—-n

(17)

X, m WIS (= 7). WESEFbRUE
WZEBHITE 5,

Kl 5 JER TIRA YR &0 R4 %kl Bl IE
THREBE IR0 vy LB BL K Redlich-Kister
TR A%, WEIFRTLLEH: BEE o, 1Y
s, &SI KERUNE A PR RRNRER
AR oy T, HLBE A R I T U T [

IETRE Plantier et al.[1%] Golubev et al.'*l Naziev et al.[*?] S N E o CI e A by 10 £y HSE A
IEPEAE NISTH! ZMo TR IAE SR a8 R 46 TirikiE
e Westwood et al. 7 IR A D 3 B /R ARG 38 ook L3 9 IE (B
£4 ZRESE k. SUSBEHERE k7
Table 4 Isentropic compressibility ks and excess isentropic compressibility «Z
T/K ks/TPa™! k2 /TPa™?
x; = 0.1 x; = 0.3 1 = 0.5 xz; = 0.7 1 =09 zy = 0.1 x; = 0.3 x; = 0.5 x; = 0.7 z; =09
p = 0.1 MPa p = 0.1 MPa
298.15 1152.04 1100.57 1050.59 957.82 851.77 8.77 7.99 0.86 —6.93 —9.41
313.15 1323.42 1256.88 1173.90 1075.53 953.73 32.52 29.99 9.23 —1.85 —12.31
333.15 1597.68 1524.55 1420.60 1268.00 1100.63 44.55 39.22 16.45 —6.43 —16.16
353.15 1963.18 1848.41 1708.91 1512.24 1285.66 53.72 49.89 23.69 —7.88 —24.75
p = 5.0 MPa p = 5.0 MPa
298.15 1085.75 1039.27 987.96 903.57 817.48 8.12 6.06 1.76 —10.40 —17.26
313.15 1225.90 1172.30 1103.87 1012.15 902.44 31.92 21.95 5.56 —4.63 —18.52
333.15 1458.09 1390.53 1287.15 1172.56 1032.08 41.05 27.72 8.43 —5.21 —22.85
353.15 1749.08 1673.59 1530.58 1360.65 1195.67 48.52 37.11 12.50 —6.60 —29.07
393.15 2598.03 2470.41 2219.81 1978.30 1675.31 83.51 83.83 25.74 —10.35 —37.37
433.15 3245.66 3212.20 2958.45 2561.00 2154.38 197.41 261.56 144.98 57.97 17.09
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Table 5 Redlich-Kister equation parameters and standard deviations

T/K ko k1 ko ks §(kE)/TPa™t
p = 0.1 MPa
298.15 3.428 —76.294 —4.045 —78.111 0.325
313.15 42.487 —148.903 120.260 —253.840 1.319
333.15 60.491 —221.770 141.238 —312.155 1.255
353.15 89.156 —276.856 100.925 —418.866 1.324
p = 5.0 MPa
298.15 5.592 —71.847 —91.022 —163.194 0.343
313.15 25.182 —94.153 82.891 —400.271 0.698
333.15 35.222 -113.435 105.920 —516.107 0.353
353.15 54.025 —167.245 92.509 —580.574 0.956
393.15 119.641 —467.647 247.108 —580.998 3.949
433.15 593.767 —1198.394 961.990 —84.106 3.277
120 120
0.1 MPa 5.0 MPa
100 ® 298.15K 100 ®298.15K
Y A 313.15K] 30— A 313.15K
m 333.15K| m 333.15K
_ 6ok » 353.15K —_ 60F » 353.15K
~ P @ 393.15K
= é 40 * 433.15K
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Fig. 5 Excess isentropic compressibility <% (solid lines are fitted by Redlich-Kister equation)
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