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Table 1 Hugoniot parameters of TC4 and Al at ambient pressure and temperature

Material 00/ (g/cm*) ¢/ (km/s) A %o a/(107°/K)
TC4 4.43 4,927 1.1 1.1 10. 1
Al 2,718 5. 3868 1. 33958 2,190 23, 1010

% 2 TC4 5i& Hugoniot %]
Table 2 Hugoniot parameters of TC4 at high temperatures

) This work BACT
T oo/ (e em) con/ (km/s) A con/ (km/s) A
400 4,410 4,917 1.094 4.918 1.093
600 4. 380 4. 898 1.095 4.901 1.092
800 4, 354 4. 879 1. 096 4, 884 1.092
1000 4.328 4,861 1.097 4. 866 1.092
1200 4,302 4,843 1.098 4. 848 1.091

& 3 Al 58 Hugoniot %]

Table 3 Hugoniot parameters of Al at high temperatures

T/(K) oon/(g/cm®) con/ (km/s) A
400 2.691 5. 364 1. 340
600 2.654 5.320 1. 343
800 2.618 5.278 1. 345
1000 2.583 5.236 1. 348
1200 2.548 5.196 1. 351
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Table 4 Hugoniot data from enhanced hypervelocity impact and calculated results

Metal ou/(g/ecm®) T/(K) co/(km/s) An w/(km/s) D/(km/s) w/(km/s)  w,/(km/s)
2. 697 371 5.37 1.34 8.29 11.08 4.115 4,113
2. 664 549 5.33 1.34 16. 30 16. 08 8.132 8.126
Al 2.651 621 5.32 1. 34 14. 97 15.11 7.478 7.470
2.632 722 5.29 1. 34 14.58 15.03 7.231 7.221
2.595 932 5.25 1.35 20. 60 17.90 10. 380 10. 369
N 4,373 650 4. 89 1.1 9.77 10. 59 4. 811 1. 806
TC4?
4,355 850 4.87 1.1 10. 40 11.03 5.093 5. 087
5 # RIB

(1 BT EARBBRE . B AR & iR Hugoniot Z2HURM S = . R T L0505 2,
A ST R N A RS 5 9 R TEDIR S S R 5 IR Hugoniot B 8URAT Z A 8N . AR SO B BE 7 ik
SN TE Gritneisen WA FRHEUSMESL N TR L 7E — @ FR B L kAh T BACT HIEMA R,

(2) 3% Hugoniot SE56 B0 A48 1, AT A& B € R B9 T 0 52 56 45 2R 19 52 wi g2 3 3 /iy
I TERE AL B A L BE R A 9 Hugoniot S8 SZ IR T 19 52 0 1M 2 2% 58I B X B4 RL 25 B2 14 5% 1), 3 Fh
J7 i BETEAATHY

References:

[1] Zhao F,Wen S G,Sun C W. Experimental Studies on Multiple-Stage Flyers [ J]. Explosion and Shock Waves,2001,
21(1) :13-16. (in Chinese)
XU, SO NI IR SR 2 g G SR R R B SIS [T MR S ehd . 2001,21(1) 1 13-16.

[2] Chhabildas L C,Kmetyk L N, Reinhart W D. Enhanced Hypervelocity Launcher-Capabilities to 16 km/s [J]. Int J
Impact Eng.1995.17:183-194,

[3] Dai C D,Wang X, Tan H. Evaluation for Uncertainty of Particle Velocity in Hugoniot Measurements []]. Chinese
Journal of High Pressure Physics,2005,19(2) :113-119. (in Chinese)
Bomiis. £ AL 4. Hugoniot S35 iYL 4B I & A8 E BT [T, R L2441 . 2005, 19(2) : 113-119.

[4] Reinhart W D, Chhabildas L. C,Carroll D E. Equation of Measurments of Materials Using a Three-Stage Gun to
Impact Velocities of 11 km/s [J]. Int J Impact Eng,2001,26:625-637.

[5] HuJ B.Jing F Q. A Simplified Analytical Method for Calculations of Equation-of-State Materials from Shock Com-
pression Data [J]. Chinese Journal of High Pressure Physics,1990,4(3):175-186. (in Chinese)
W14 % 20 T FH b ol R A M0 SR ) T 4 RE A — A B R A A 7k L)) R B4 . 1990, 4(3)  175-186.

[6] Jing F Q. Introduce to Experimental Equation of State (2nd ed) [M]. Beijing: Science Press,1999. (in Chinese)
ZARHE. LRPATRIICGE 2 JO (M dent Bl iR it 1999,

[7] Touloukia Y S.Kirby R K, Taylor R E. Thermal Expansion-Metallic Elements and Alloys (2nd) [M]. New York-
Washington: IF1/Plenum . 1997.

[8] Mitchell A C,Nellis W J. Shock Compression of Aluminum, Copper, Tantalum [J]. J Appl Phys,1981,52(2):
3363-3374.

[9] Guinan M W, Steinberg D J. Pressure and Temperature Derivatives of the Isotropic Polycrystalline Shear Modulus
for 65 Elements [J]. ] Phys Chem Solids,1974,35:1501-1512.

[10] Gschneidner K A. Physical Properties and Interrelationships of Metallic and Semimetallic Elements [J]. Solid State
Phys,1964,16.275-283.
[11] Knudson M D,Lemke R W, Hayes D B. Near-Absolute Hugoniot Measurements in Aluminum to 500 GPa Using a



%4 F A € iR FHX Hugoniot 2800 1 1) 52 i) 443

Magnetically Accelerated Flyer Plate Technique [J]. ] Appl Phys,2003,94(7) :4420-4431.

[12] Winfree N A, Chhabildas L. C, Reinhart W D. EOS Data of Ti-6Al-4V to Impact Velocities of 10. 4 km/s on a
Three-Stage Gun [ A]//Furnish M D, Thadhani N N, Horie Y. Shock Compression of Condensed Matter-2001
[C]. New York:AIP Conference Proceedings,2002;75-78.

Effect of the Preheated Flyer on Hugoniot Measurements
WANG Qing-Song, LAN Qiang,DAI Cheng-Da

(Laboratory for Shock Wave and Detoation Physics Research ,
Institute o f Fluid Physics ,CAEP ,Mianyang 621900,China)

Abstract: A theoretical method was proposed to evaluate the Hugoniot parameters of the preheated
metals based on Griineisen equation of state. This method offsets some disadvantages of BACT and
can be used to estimate Hugoniot parameters of all kinds of solids with preheating in principle. This
method was applied to calculate the Hugoniot parameters for Al and TC4 at different initial tempera-
tures up to 1200 K and compared the obtained results with the available data reported in literature. It
is shown that the moderate preheating of metal does not result in an obvious deviation from its princi-
pal Hugoniot. Thus the rough treatment in hypervelocity impact experiments that the Hugoniot of
preheated flyer is approximated to be the principal Hugoniot is reasonable.
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