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The Thermal Diffusivity of Standard Pieces for Spark Test
Kyung-Ok Cha, Kwan-Soo Lee and Hung Joo Lee

Abstract

The thermal diffusivity of one of the series of standard pieces for spark test are determined
by the flash method. The standard pieces are composed with carbon steels, structual carbon
steels, alloy steels and high speed tool steels.

In order to compute the thermal conductivity of the standard pieces, their specific heats are
measured by a differential scanning calorimeter, The thermal conductivities are calculated
from the data of specifc heat, density and thermal diffusivity.

To increase the accuracy of data for the thermal diffusivity by data reduction excursion
method in the flash method, the governing heat diffusion equation, which is closely described
experimental conditions with the finite pulse and the heat loss from the sample surfaces, is

solved. In this analysis an integral transform is used.
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Table 1 Chemical composition of specimen (weight percent)

Sam- | Spec. of STDS*
Material plej—————| C Si | Mn| P S Ni | Cr | W A Co
No | KS ] JIS
Pure iron 1 |suy [suy | o.0f o 24 o. 22 0. 005/ 0. 0071 0.02| 0.02
2-1|sM10C| S10C | 0.10 0.19] 0.43 0.009 0.010[ 0.056 0.1
2-2 | smisc| sisc | o. 16] 0.29| 0.49 0.012 0.090| o.ols[ 0.015
Structural and | 2-3 | SM20C| S20C | 0.21] 0.27] 0.41] 0.009] 0.019] 0.020 0.016
carbon steel 2-4 | SM30C| $30C | 0.32 0.22] 0.70] 0.017] 0.021| 0.016) 0.082 |
2-5 | SM4OC] s40C | 0.42] 0.23 0.75 0.018 0.013 0.016] 0.024 ]
2-6 ( SMsoc{ S50C | 0.49 0.27) 0.83] 0.015 0.023] 0.051) 0.093
3-1|sTC3 |skz | 1, 16] 0.24 0.46] 0.0131 0.017 0.051| 0. 087
Carbon tool steel
32| STCs |SK5 | 0.88] 0.28] 0. 36} 0. 020] 0.013! 0.044] 0.093
4-1| STS?2 }sysz | 1.07’ 0.29| 0.59] 0.017 0.005 0.62 1.03
Alloy tool steel | 4-2 | STS3 'SKSS 0.97} 0.23 1.0/ 0.019 0.010 1 0.885 0.75]
4—3}STS4 SKS4 | 0.52| 0.34] 0.47] 0.017| 0.008 0.89 0,85’ i
High speed tool | 51 | SKH2 | SKH2 | 0.80] 0.32 0.31)0.018 0.013’ 4.05 7.50[ 0. 94
steel 5-2 | SKH4A| SKH4A| 0.80] 0.26 0.28 0.021] 0.004 4.14 17.56) 1.22| 9.59
|

% Spec of STDS=Specification of standards
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Table 2 Dimension and weight of samples
Sample | Thermal diffusivity Specific heat
No ‘ Diameter(m) ’ Thickness(m) Diameter(m) Thickness(m) Weight(kg)
1 ‘ 0.0127 | s.8x10" 6.1x10°3 8.4x10™ | 1.93x10°
21 | oo | ssxio 6.1x10° | o.4x10% |  2.06x10
22 | o018 | 9.0x10° 6.1x10° | 8.8x10% 2.00% 10
23 | o012 | 9.2x10 6.1x10° | 9.0x10°* 2.05X10
24 | oo | sex1w0¢ | 617x107 8.8X107 2.06x 10
25 | 00129 8.6x10°* ] 6.1x107 8.4x10™* 1.91x 10"
26 | oowe | saxwt | 619x107 8.8%10°* 2.07% 107
31 | oeoe | sexio 6.08%10°3 8.7%10™* 1.96% 1074
3-2 00127 | &ax10% | 633x107 8.6X107 2.11x 10
4-1 0.0128 8.8x107 | 6.21x10° 8.8% 10 211107
4-2 0.0128 | osaxiwot | e7xi0 | s.axi0 1.97x107*
43 0.0128 | s2x10t | 6.09x10° | s.ox10 1.84x10°*
51 | 00127 | ssxw0 | 614x10° 8.5%10°* 2.18X10"
52 | 00128 | 9.2x107* | 616x107 8.9x10" 2.35x10™*
/SE‘.’"P]_C.
Xenon Flash L x:t/ hermocouple | DCTAMP )
e N i wo (o PT A
cat Source) Q—Tl . 4~ Computer
L
Photodiode
Detoctor

Digital Storage

Oscilloscope

Fig. 2 The schematic drawing of experimental apparatus
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Table 3 The thermophysical properties of materials used in samples at 293K

Sample | . * c» |pXxcy| Measured time* With FPTE* and HL**  ** Without FPTE and and HL *** . UMM,.M
No |Cke/ |/ |/ fie Toee E(CW/ ; ton JKCW/ ; ation
m?)|kg-k)im?-k) Q:waov_ (msec) ty,2 (sec) tmax(s€C) (m-k) a(m?/sec) t1,2 (sec) (se) 7 5.5_ a(m?/sec) (%)
1| 785 ase| 350 s0.70 590170 5.34x107 58563410~ 80.70 23.058x 10 4.69x10° mmm_|mm¢mm_ 22.9%10°  0.43
2-1 | 7848 451 354 101.60] 633680 56.24x107 6291.44x10°Y  6.76 1.932x107 85.50x107|  6.20 6.89 1.93x10°° 0
2-2 | 7840 451 3.56 55.55 8225.28] 10.19x10 179.89x 109 42.02 11.803x107 9.54x107 8.1 4172 11.8x107 0
2-3 | 7840 457 .58 57.80 7504.90| 12.4410°7 745054107 35.70] 9.978x10° 1L.79x10° 7.4 35.72 5,975 107 0
2-4 | 7831 asg 358 63.55 6086.23] 18.19x1079 6040107 20.95 5.853x107 17.54x10% 6.04 2103 586107 —0.17
25 | 7829 465 3.64 6L60] 750560 16.24 10 7550. 24107 23.99 6.588x107 15.50x107  7.55 23.99 6.59x10 —0.15
2-6 | 7822 466 3.64 55.90 6417.25] 10.5410] 6371.89x107 36.11] 9.921x10 9.89x10° 6.3 36.08 9.91x107 0.10
31 | 7788 are| 374 6s.10] 7303.10] 22.74x10  7347x107 1574 4.224x107 22.09x10° 7.3 15.78 4.23x10 —0.23
a2 | 7806 408 3.64 55.00 5817.85 9.64x107 577z.49x109 0.8 10.024x10 s.o9x10 171 3.8 10.1x10° 0
1 | 147 4m1| 374 53.90 5747.05 8.54x107 5701.69x10- 5111 13.667x10°9 7.89x109  5.70 50.90| 13.6x10°° 0
42 | 7876 475 3.74 56.70]  6745.85] 113410 6700.49x10°2 4115 11.003x10°9 10.68x107  6.69 4115 11.0x10° 0
43 | 7010 460 3.64 5262 700125 7.26x107 6955.89x10 513 14.11x107 6.64x107 6.95 50.94 14.0x107 —0.71
5-1 | s6ra| 4027 3.48 60.60 8225.30| 15.24x 107 8179.94x107 25.64 7.370x10°° 14.59x107%  8.17 23.43 . 7.37x10°F 0
52 | sso2 396 3.52 62.15 6170.85 16.79x107% 6125.49x107Y 25.64] 7.28210°] 16.14x10° 6.17 25.63 7.28X10°9 0

* Time was measured in experiment
** Correction time determined by eq(17) was used ({.=45. 36msec).
**+ Correction time determined by parker’s equation of a==0, 139/%/¢,,» was used (f.=46.0lmsec)
=+x* Thermal diffusivity deviation by percent based on equation (17).
+ FPTE=Finite Pulse Time Effect
++ HL=Heat Loss
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Y BRETARNS SWEEGEREGE, ki, 28

BEEOE KT A HEd 235 eorsd o) 2ot

1. ZA-RiEe] xenon flash tube o #iFeo] fEHTH
3 RAY pikES PEEA A dedo] e Ml
o3 BEEHAERS A4 shglr] =Fol) computer o
o3 data o BMENMRHS k¥ = finite
pulse time effect o] o}3F MES Fd + glon, I
sEdRLke] B BHAAE BREEREES M BX
B SRR WEREE Adslezrd Ags] 4%
AAl g kKT 5 Y

2. EEAA #Re BEEGRE 23+ At X
o MBS 9t ZUREE] HHEE o]
3, FEEESE 37 oo RAEANA dedvke &
SIEdRAE BIRY + ek

3. #E o2 xenon flash & A48 wid] &=
3} pulse o] peak time & fthrb 2§ 73 $-ol & finite
palse time effect & Wbz 3Hdted ok Fhel, 3
U A EARE Asle BERME #HESE 2 SR
-%‘ #aAA 5 ot

fhse] BIEBRETE 2. 30X 107°m?/sec gl ubwl o]
imoﬂxif A4 Rl web 1.93X107°~1. 41X
10-°m?/sec &) vlokil & zherh

5. H#e 396W/m-koll 4 476W/m-k 7tx| 249
ol A A A4 wel HEG % kAR Bas

half time

BREER TS BB
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(tungsten)e] H718o] wa} 1 g "8 g4kl
2} FEE Bl Hrtdd =lel 24 Frhdd.

6. M@=l el BEEE

& (valumetric heat capa-

city, pe)x 3.61x1078]/m3-k o 4 0. 31x10°6]/m?-k
o] W] gloh,

10.

. H.S. Carslaw and J.C. Jaeger,

Dispered Composites”,
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