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Update of Experiment Materials of Physics in KTJO8 Course: Adiabatic Compression and Expansion
of Air Due to Fire Piston

Toshio FUNADA™ Masanobu OWAKI*? and Katsuhisa OHBA™

Abstract: One of physics experiments in KTJO8 course of INTEC (International Education College) is assigned to a fire

piston, which makes adiabatic compression as a representative firing mechanism in Diesel engine and was originated by

ancient people lived in South East Asia including Malaysia. This firing can be seen in experiments well by compressing

air volume to about 1/10. The fire piston can work as expansion mechanism to make cloud by adiabatic expansion. This

fire piston is used in physics experiment in KTJO8 course, and the result is reported here.
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Table 1 HI7E T — ¥ %,

No. | V} Ty Vo m Ty

1

2
3
4
5

WHEE & BIFl] ERREKEDL ) vy —DHERIE
d=2r1 =0.000m, EX2 L =02mThY, + 1)
T — D Vo kD BN D
{ry =0.009/2,L; = 0.20, 5, = nri,Vo = S1 L1}
= {0.0045,0.2,6.36173 x 107°,1.27235 x 107°} (2.1)
V) U —HDOESL, T 3N TW D ERER
DT, BHEREEEZ 5.
{po = 1,Tp = 273.15 + 20,7 = 1.4}
={1,293.15,1.4} (2.2)
{HL, po=1atm= 1013hPa TH 5.
YU —IZEZX N AL, EX b v aiic
L NF s & 0ZER0EE VI 2V =V /b O%&ED
)Yy —ANOESMEZAET 5.

Vi =Vp/5 = 2.5447 x 107° (2.3)
pP1 = poVo’y/Vl’Y = 9.51827 (24)
Ty = To(p1V1)/(poVo = 558.056 (2.5)

T) — 273.15 = 284.906 2.6)
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KIZ, BN EDBICH L T2 & 02RO FR
Vi 3V = Vo /10 DA D) ¥ ¥ — N DOZE TR L & iR
A
{Vi =Vo/10, p1 = poVy' /VY, Ti = To(p1Va)/(po Vo }
= {1.2723 x 107°,25.1189, 736.36}, .7)

Ty —273.15 = 463.21 (2.8)
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B9 5
{Vi =Vo/20,p1 = poVy' / VY, Th = To(p1V1) /(o Vo }

= {6.3617 x 107 7,66.2891,971.632} (2.9)

Ty — 273.15 = 698.482 (2.10)
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Table 1 & [HIE(E & AT 1290 - C, HIEEDOLIE
KERD X IZHLS: {hy, Vi = Soh1,Th = Ty, ha, Vo =
Sohg, Ty = Ty (hy/he)Y ™1, Ty = To —273.15}. Zh#ik
DEHIZEET 5 {hy, Vi x 1075, T4, ha, Vo x 1075, Ty,
T3} % ZOEXT, EFERIEOMNEE &GS Table

2a-Table 6b IZ7=7".
Table 2a |3<°C Nol WiZUEHH (po = 1 atm, Ty = 25°C,

ry = 4.5 mm, hg = 0.198 m).
hi Vi x 1072, T4, ho, Vo x 1077, Ty, T
0.18 1.14511,298.15,0.014,8.90642,828.119,554.969
0.18 1.14511,298.15,0.01,6.36173,947.423,674.273
0.18 1.14511,298.15,0.01,6.36173,947.423,674.273
0.18 1.14511,298.15,0.013,8.27024,853.034,579.884
0.18 1.14511,298.15,0.012,7.63407,880.788,607.638
Table 2b (3<°T Nol W2k
hy Vi x 1075, Ty, ha, Vo x 1076, Ty, T3
0.02 1.27235,298.15,0.085,5.40747,167.14,—106.01
0.02 1.27235,298.15,0.081,5.153,170.393,—102.757
0.02 1.27235,298.15,0.08,5.08938,171.242,—101.908
0.02 1.27235,298.15,0.085,5.40747,167.14,—106.01

0.02 1.27235,298.15,0.085,5.40747,167.14,—106.01
Table 3a |3X° T No4 WiZELHE (po = 1 atm, Ty = 25°C,

r1 = 4.5 mm, hg = 0.184 m).
h1 Vi x 1072, Ty, ha, Vo x 1076, Ty, T
0.175 1.1133,298.15,0.025,1.59043,649.343,376.193
0.175 1.1133,298.15,0.03,1.90852,603.673,330.523
0.175 1.1133,298.15,0.02,1.27235,709.967,436.817
0.175 1.1133,298.15,0.015,0.95426,796.551,523.401
0.175 1.1133,298.15,0.02,1.27235,709.967,436.817
Table 3b 135> T No4 Wi #uiizsk
hi Vi x1076 Ty, hy, Vo x 1076, Ty, T3
0.02 1.27235,298.15,0.04,2.54469,225.955,—47.1946
0.02 1.27235,298.15,0.05,3.18086,206.661,—66.4889
0.02 1.27235,298.15,0.045,2.86278,215.557,—57.5932
0.02 1.27235,298.15,0.045,2.86278,215.557,—57.5932
0.02 1.27235,298.15,0.04,2.54469,225.955,—47.1946
Table 4a |3-°.5°X No4 WL (pg = 1 atm,
To = 25°C, r;1 = 4.5 mm, hy = 0.185 m).
hy Vi x 1075, T1, ho, Vo x 1077, Ty, T}
0.15  9.54259,298.15,0.011,6.9979,847.841,574.691
0.135 8.58833,298.15,0.015,9.54259,718.012,444.862
0.135 8.58833,298.15,0.01,6.36173,844.439,571.289
0.15 9.54259,298.15,0.01,6.36173,880.788,607.638

0.15  9.54259,298.15,0.013,8.27024,793.038,519.888
Table 4b 35057 X No4 W2k

hy Vi x 1078, Ty, ho, Vo x 1075, Ty, T

0.016 1.01788,298.15,0.055,3.49895,181.944,—91.206
0.016 1.01788,298.15,0.047,2.99001,193.751,—79.3991
0.016 1.01788,298.15,0.04,2.54469,206.661,—66.4889
0.016 1.01788,298.15,0.049,3.11725,190.548,—82.602
0.016 1.01788,298.15,0.04,2.54469,206.661,—66.4889
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Table 5a 73 & Nol WrEUELE (pg = 1 atm,
Ty = 25°C, 11 = 4.505 mm, hg = 0.178 m).

hi Vi x 10_5, Ti, ha, Vo x 10_7, T5, T3

0.173 1.10303,298.15,0.011,7.01346,897.628,624.478
0.173 1.10303, 298.15, 0.01, 6.3759, 932.509, 659.359
0.173 1.10303,298.15,0.012,7.65104,866.923,593.773
0.173 1.10303,298.15,0.01,6.37587,932.509,659.359

0.173 1.10303,298.15,0.013,8.28863,839.607,566.457
Table 5b 727X & Nol WrZfgafk

hi Vix 1077, T1, ho, Vo x 1076, Ty, T3

0.012 7.65104,298.15,0.112,7.141,122.017,—151.133
0.013 8.28863,298.15,0.117,7.4598,123.805,—149.345
0.014 8.92622,298.15,0.125,7.9698,124.2,—148.95
0.013 8.28863,298.15,0.125,7.9698,120.572,—152.578
0.011 7.01346,298.15,0.121,7.7148,114.256,—158.894

Table 6a D1 X No5 Wi LHE (po = 1 atm, Ty = 25°C,
r1 = 4.5 mm, hg = 0.189 m).

hy Vi x 1075, T, ho, Vo x 1077, Ty, T

0.139 8.8428,298.15,0.006,3.81704,1048.05,774.896

0.139 8.8428,298.15,0.008,5.08938,934.124,660.974

0.139 8.8428,298.15,0.008,5.08938,934.124,660.974

0.139 8.8428,298.15,0.008,5.08938,934.124,660.974

0.139 8.842,298.15,0.007,4.45321,985.375,712.225
Table 6b i3 X No5 WizA

hy Vi x 1076, T, ho, Vo x 1076, Ty, T3

0.02 1.27235,298.15,0.07,4.4532,180.637,—92.5126

0.016 1.01788,298.15,0.065,4.1351,170.184,—102.966

0.018 1.14511,298.15,0.071,4.5168,172.203,—100.947

0.02 1.27235,298.15,0.075,4.7713,175.72,—97.4296

0.019 1.20873,298.15,0.072,4.5804,174.986,—98.164
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