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        Diagrams-of Temperature{Di,stribution in a Thick Plate.

             tt                                              '                                                        tt                                                      '                                           '                     ' ' 'f '''                             ･ y･
           '            .'.. ByIsaoSuzu.1<ir1
                                       t.           tt                          - (1946,3,l)..'.
                  '                               .t                                      '               '                                               tt                  ttt t
                                        '                                                       '                                                 '           '

           '                                                        '                                                                                   '                                                                              tt                                                                                 '    The temperature distributions in a.thick platu, when one surface is heated, are numerically

calctilated and rppresenf.e.d by diagiams as the ftlnctions of time and distance' from the surface. ･'

                                t .t                                        t i. t
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             2. Heat Conduction of the Semi-infinite Solid. .,..,･,.`.,..,.･･,･･,...･.･,･,･･. 166 '

            "' 3. Heat Conauction of the'Solid Boun(led byllTwo ?arallel Planes. ･･-･,.･･, 179 '
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                  t.                                                                                  '                                t -t                                                            '                                                                     '                   '                                                               '                tt ttt                                    '                                          t' 1'
                                 X, :ntroducCion, '
                      - N.'                                                                        '                                           t.                            tt    Practically it rnay be necessary fof engJineers to ktiow the infiuences, which the abrupe change

of the temperature of the surface yields. When a plane surface of a semi-idj.inite domain is heated

and kept at a constant teinperature. for-some duration m, the temperature. in the domain will inc-

rease at first and decrease gradually. The temperature distributiqn must be a function of time t

and the distance x ffom ghe $urface. As the first example, the calculation$ ar.e carried out about

tihis case;the time dura･tion m of heating being taken a.s a parameter. As the second exarr}.ple,

                                                                                 -.the heat distributions in the thicl< plate are calcula'ted; th.e one of the surfaces is heated and the

ether is thermally insu!ated. 'Practically the temperature distributfon in most'cases cah be IQoked

                                                                           t. tupot{asitheinte.rmediatedcaseofthesetwoext'i'emeexampies. ' . '･
                                                           '                '                                                 t t ../....t.                         '   '                                       '                    '                                                                       '                                 ttt t                                                                                   '                       tt tt.' -'2.HeatConquctionoftheSezx}i-ipfiniteSQIid..'

.

                                                          '    In this paragraph thg'temperature distributions are calculated when the solid is bounded by,the

plane x =O and ettends to infinity in the direction of x positive, and the isotheripal surfaces are

pol
fai;rs. parallel to x == O and the floy, gf heat is lmear, the llne.s of flow. being parallel to the axis

                '    Let the initial temperature be given by u = O, and the Surfacle temperature va'ry with the time

ana the temperature at infinit.e 'bottndary be zero. Then, in the sem'!-･infinite solid, where it has

                                                                    '                 i'                                                                        '    '                                               ttt /
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                                t-
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                 '                           tt                                                      tt., andu=:O at x==oo,'
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      .･ a.-"rvc"p'M''' "'' ' '' where 'm==thermalconductlvityofthesubsta-nce, ' ･.. . 1. ' .'
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    'andp==densityofit. . '' , ･''' ･'
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 bet.weentimet'andtemperatureuatacertain.'o .-'k'
 dep.thxlwefriustinvestigat6thgfollowingfour '' Fig.1
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    (3') when the'surface temperature decreas.es wi.El} time..from t=:m and
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    '(4) after lhe s.vrface' temper.a,ture becomes zero at t == n, tempera.t,ure at t g>n).is given by

                          -m..".-. x, -./･..        ,.u4=:r2."k,'.S['bef,tt`l//,L!iL'dT+Li}iitt':.ii-Sli,-//,Hrw,;'･e,#'2ii"k,Z'drl -
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 ..d ,W,tligeii.fiV.e.faiC"Ialile,th=e oabOIe. eaCi], fOrMt"lat(311,'; (6･U we i:]al(3be)tre.r transform the vanabie

      . frem t-r=t-m to t--r=:t . in (4)･,. '
                        '    '
          from'i-r±.O to t-r:t-nt in.,(5),
  " '･fil(ILnr t-T==tpmr-to '.twwT==t-m in (6),

 aiidabOUtiitJnTiin(n511'.t(6+/(catlllCrU)lat9.theVaiUe., ...,. .. '.,.
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   'iiiitbiSd.,P-LO?ieeX64W'e(gs:sGuyt.eimth.a.titt)h?gubstanceisconcrete. .
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    And the value of o,oi2
 t.t}.
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 in Fig. 2.･ It is showed from t-:-r=O tillt-T=: .q.,

 180 in cases of x =='O.5 cm, 1.n cm, and 1.5 cm.

                        .t
    Vi7h.en we calculgte, the integral value .g.,f (3) by

 theabove,wecanget'ghevalueofuiasTabie2.'. ooOi

    'Ieqiis value zti is illustrated in Fig. 5 by thick

 full lines. In this diagram axis of abSciss4 showeq tshe , gop2

timet(sec,), and axfs of ordinate shows tlie value of ･ .
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DIAGRAMS. OF TEMPERATURE DISTRIBUTION IN A THICK PLATE.
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             I)rAGR"MSOFTEMPERATUREDIST4.IBUTIOIg.INArHICI<PLATE ,. 179

                                             '                         '                 3,''vaeatOonduetionoftheSolidmeounded '
              .''[..-1rs'Yei,o.WgraXZeZnmatses.. i .-

                                                  tt
   In this paragraph the temperature distribution is c41culated when the range of x is'Iimlted to

the interval Of$1x:"S; C.'Let tl}e solid be bounqs,d by the planes x=:O and x== C, initial tempera-

ture being given by a =O, and surface temperaiure varying with the time, and back plane' x=:C

                '                        /, u                                                                          '                                 'Now, egpecial//' the temperature change at the'  therrnaliy insulatfd back piane,.x =:a alone will be

calculatednu,merically..Itfollowsfrom(8) ,.. .. ..
   '"'' ' " == '2ciil.ll,'(nvi)'i.2's",inS:f'(r),la:'"2(2'S'crin)i<`HZ>,,... .,1,.I;....,.....,,,., (,)-

   ': w,,.Il((i.11ihmi.//i,i}.7si ;I.l,,//.-:.-..,(t･(S.i.;･l･ IJi.`t.....,/,f-,I',,.i,.....].,i,,".')･･････i.'Li;･･････.(ior

                                               .t                                                       '    '                                   '                                                                       '                           tl                           '                                          '                                                 '                 '    (2) .when.'t>m, from (9) it fgllows that '- ･ ..
         it2 ==' rE.1'kr ,IIi.l, -S.tii ll)ii (,T"2(-2-"t2i:ZLi")2(iewM)ma,ny"2(2'Siii"rc)2`} ･..,....L,,:..,..,.' do

                                                                          '                        '                   '                                                        t tt                       ttttttttt //t                                                               '                                                                      '        '                                                                        '                          t t. tt             '            '       ' x''' -' ' '                                                    '                                       '                                   tttttt t t                                                  '                               ttt t                                                   '                                                                        '                        tt t                                                                                '



'

  '

                                          '                                             '                               . ISAO.SUZUI<Ll80

                    '                               tv                          tt                           '                                      '
                       ±   Writing b:=: Z"cre2" aEi'd' expanding (10) atid (11), it follows that

                        tt                       '
       ui:=k[1-"(e-bt.dn..ii-e-9btilTLIi-e-'25bt.dmza-ili-e-a9btFffi:liTe-8tbtpm)[I(t<m), a2)

and it,=:-fnlkrm[(e-b(`-M)-.g-elh"b(t-M>-e )tuti(e-btrw-il.e-9h"-tr )11(t>m)..,. a3)

                                                                       '                                                              '
    In the above {omulqe when't is large enough, we may neglect the quantity'under -6-e .'

    Also in this problem, we assume a2 = O.O064(C.G.S.---unit), and Nite shall show the tempera-
    ttt                                                                                 'tt}rechangeatC=4.0cm. Thenwegetb==O.OO0987. ･. '.' ---
                                                          '    Therefore as the values of u for the various i, we obtain the Table 7, from (12).

    Thes'e values of it are illustrated in Fig. 10 by full line. In this diagram the axis of abscissa

                                                                    'shows.thetimet(gec.),Fndtheaxis6fotdinateshowstheva'lueof-Uk-.. ,..
    When we require the values of u2' for various t and m from (13), we can directly apply Table

             tt                   tt                                      . ,d7gThe'refereweobtaintheajable8.'' o
                                                     '                                                 '                       '                                                       '    '
                   '                             '                     tt tttt tt                                                 '    ･'' '' Table 7. . ･. .                                           '       'i'-bt, i 1-9bt                                             1 -2sbt                                                            1 -ngbt                                                                          1 -8tbt

      l e --e'                                             -- e                                                          N .rue                                                                         -e                                             57                                                                          9                                3-
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values ofiu are illustrated in Fig. 10 by broken lines.

same way the result, of calcul.ation for;IC = 10.0 cm is illustrated by:"Fig.;11..
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   Now we shall sbow the

solids. Let the two similar
Tab.le 9., and let if == -i be the dimension ratio.e = -uUl;

be the temperature ratio, and 6 == ll- be the time ratio".

As the above examples we thihk about the direction of

x-axis. Then the difierential eqyations of the heat con-

duction are respectivelly as folL

                                      '
                                     '            '
            - '                           '             tt .t            ･, t                     '              N' .  tt                                    t

        Fig. 11X(b).

      4, AppZtcaeion.

 / t..similarity of he4t conauctioni,between the

solidg'ny"have the relation as

gdometrically

 Table 9.
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    Accordingl}r! in conformity with above ex?inples of calculation in paragraph 2 and 3, we carr

applythesimilarityofheatconductiontothe' variousproblems.. ' { '
    And then in the above two paragraphs we have shown the state of heat condttction in the

semi-infinite solid. and the solid plate. We shall be able to thinlc that the temperature distr{bution in

the most cases may be loolced upon as the one in the intermediate case of these two extreme

cases. Therefore the state of temperature distribution and change for the real subsgance can be.

estimatedroughlyfromabovefwocalculations.. . . ･'
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