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{Abstract)

Using approximate analytical methods such as Approximate Neumann’s Approach, Megerlin’s
method, Biot's vaciational method, and Perturbation method, the analytical expressions about the
melting rate and the temperture distribution in the liquid phase have been obtained for the one
dimensional phase change problem whose nitial condition 1s the saturated solid phase and whose
boundary condition 1s that the temperaturc of one wall is considered the discrete function such as
monotonic decreasing, monotonic increasing or periodic functions aboul time and the other wall is
considered insulated. Close agreement about the results has been obtained although four different

approximate methods 1n analysis are used.
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Table 1. \’[eltmg Rates obtained fmm Four Different Approximate Methods, When f -exp(—1z)

| )
] | m-1 [ -2 -3 [ -4

0 0.0 ’ 0.0 0.0 } 0.0

0.2 0. 18762 | 0. 18639 0, 18351 0, 18781
0.4 0. 25355 0.25178 0. 25131 l 0, 25391
0.6 0. 29673 ’ 0. 29495 0. 29582 J 0. 29765
0.8 0. 32815 \ 0. 32622 0. 32802 & 0. 32938
1.0 0. 35190 J 0, 34984 0. 35234 0, 35338
1.2 0. 37027 0. 36812 0. 37115 ) 0. 37197
1.4 0. 33474 0. 38247 0. 38593 0. 38658
1.6 0. 39625 0. 39386 0. 39776 0, 39818
L8 0. 40545 0. 40297 0. 40704 0, 40746
2.0 0. 41290 0, 41028 0. 41458 0. 41491
2.5 n. 42588 0, 42299 ‘ 0, 42768 0. 42788
3.0 { 0. 43366 0. 43054 0. 43546 0. 43558
3.5 0. 43839 0. 43505 0. 44011 0. 44019
4.0 0. 44130 0. 43777 0. 44292 0. 44296
4.5 0.44310 0.43941 0. 44461 0. 44464
5.0 0. 44423 0. 44041 0. 44564 0. 44566
6.0 0. 44542 0, 44137 0. 44663 0. 44664
8.0 0.44621 0.44186 0.44713 0,44714
10.0 0. 44649 0. 44192 ! 0. 44720 0. 44720
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Table 2. Melting Rates obtained from Four Differcnt Approximate Methods, When Ff=exp(s)

‘ s

. e I-1 -2 -3 n-4
0 | 0.0 0.0 0.0 0.0
0.1 0. 14258 0, 14153 0.14167 0, 14236
0.2 0. 20670 0, 20509 0. 20568 0. 20615
0.3 | 0. 25959 0. 26746 0. 25822 0. 25857
0.4 ‘ 0. 30748 0. 30480 0. 30559 0. 30583
0.5 0. 35277 0. 34949 0. 35016 0, 35030
0.6 0. 39668 0.39274 0.30316 0.39318
0.7 0. 43997 0. 43528 0. 43530 0. 43517
0.8 0.48313 0. 47759 0. 47705 0. 47672
0.9 0, 52653 0. 52002 0.51872 0.51815
L0 0. 57045 0. 56284 0. 56055 0. 55966
L1 0. 61512 0, 60624 0. 60271 0. 60141
L2 0. 66073 0. 65039 0. 64532 0. 64350
1.3 0.70744 0. 69545 0. 68848 0. 68597
L4 0.75541 0.74153 0.73224 0.72886
L5 0. 80477 0.78873 0.77665 0.77214
1.6 0. 85564 0.83717 0. 82172 0, 81576
1.7 0.90815 0. 83692 0. 86745 0. 85963
1.8 0. 96241 0, 93807 0.91382 0. 90363
1.9 1.01853 0. 99069 0. 96078 0. 94756
2.0 1. 07661 1. 04484 1. 00828 0. 99119

Table 3. Melting Rates obtained from Four Different Approximate Methods, When f--1+-sindnc

S

. I-1 -2 1-3 -4
0.0 0.0 0.0 0.0 0.0
0.1 0.17176 0. 16982 0. 16947 0.17033
0.2 0. 25522 0, 25216 0. 254490 0. 25534
0.3 0.29101 0.28736 0.29575 0.29593
0.4 0,29617 0.29117 0. 30141 0. 30141
0.5 0,31115 0, 30583 0. 31080 0. 31100
0.6 0. 35561 0. 34982 0. 35008 0. 35017
0.7 0. 40294 0. 39637 0. 39984 0. 39997
0.8 0. 42632 0. 41965 0.43136 0.43152
0.9 0. 42960 0. 42227 0. 43668 0. 43668
1.0 0. 44003 0. 43251 0. 43976 0. 43976
1.5 0.53892 0. 52971 0. 53868 0, 53859
2,0 0, 62230 0.61166 0. 62207 0. 62192
2.5 0. 69575 0. 68385 0. 69553 0. 69532
3.0 0. 76215 0. 74912 0.76194 0. 76169
3.5 0. 82322 0. 80914 0. 82301 0. 82272
4.0 0, 88006 0. 86501 0. 87985 0. 87952
4.5 0.93345 0.91748 0.93323 0.93287
5.0 0. 98394 0.96711 0.98373 0.98333
5.2 1.00599 0.99944 1.00694 1. 00647
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Tablc 4. Meltmg Rates obtnmcd from Four Different Approximate Methods, When F= V17

I $
. \ m-1 i I- n-3 -4

0.0 0.0 y 0.0 0,0 0.0

0.1 0. 14079 0.13978 0.13997 0. 14065
0.2 | 0,20134 0.19986 0. 20060 0.20105
0.3 0.24921 0.24733 0.24841 0. 24875
0.4 0. 29068 0. 28844 0. 28976 0. 29003
0.6 0. 36276 0. 35986 0. 36154 0.36169
0.8 0.42617 0.42264 0.42458 0. 42464
1.0 0.48416 0. 48000 0.48214 0. 48211
1.2 0.53833 053356 0. 53585 0.53574
1.4 0, 53962 0.58423 0. 58665 0. 58646
1.6 l 0. 63865 0. 63264 0.63516 0. 63489
1.8 0. 68582 0.67919 0. 68180 0. 68143
2.0 0.73142 072417 0.72686 0. 72640
2.2 ’ 077571 0. 76782 0. 77056 0.77001
2.4 0.81882 0. 81030 0. 81309 0.81244
2.6 0. 86091 0. 85176 0. 85458 0. 85382
2.8 0. 90209 0. 89229 0. 89514 0.89428
3.0 0.94243 0.93199 0.93486 0.93389
3.2 0. 98204 0. 97095 0.97383 0.97274
3.4 1. 02095 1.00921 1.01209 1. 01089
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