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ABSTRACT

                                              .     The authors make an attempt to analyze radi--
ative and eonveetive heat transfer in a three di-
mensional furnaee through digital simu].ation. [IJhe
analysis is developed in the case where furnace
is rectangular solid, it contains two kinds of
radiant media and vEur'ious regions of wave lengths
are applied for eaeh medium. Furthermore, this
is alse developed in the case where temperature
and absorption coeffieient are not uniforrn in
eaeh part of tshe medta and vartous temperatures
and emissivities are employed for each wall. [Vhe
numerical ealeulation is conducted by Monte Carlo
method for raaiaJtion and finite--difference method
for convection. Its program is coded by FOR[[}RAN
IVfor digital eomputer (HITAC :,･",'XOE or V'AC,OM 2301

60)e

     The followings are calculated by the sbove;
resun.ts as affected by furnaee size, temperature
and emissivity of wall, results as affected by
f!ane shape, absorption coefficient and region of
vrave length, atid resul-ts as affeeted byeonvection
are presented in this paper. And, as possible to
ca]eulate each perforrnance of furnace, some efF-
fects in actualL operation would be predicted by

this s±mulation .

1. IN[IrRODUU[I]ION

                                          .     In order to analyze the heat transfer in a
furnace, some complex condiCions imJst be applied
for this system. Mhe hefft transfer between flame
end wall is strongly influenced by radiation, But
it iB not desire02e to omit convection or flow
effeet. The furnaee contains two kinds of radiant
media (flaine and surrounding combustion gas) and
its welLl is eonstructed by refractor'y and heating
surfaee. Many paper hatre been pmblished on this
analysis under simplifSed condition in which fur--
nace contains one kind of radiant medium and has
uniform temperature,.Such study shoul.d be applied
for rough estimEtion of teinperature in furnace

outlet, but not for temperature distribution and
heat absorption rate. Laeely, as an electronic
digital computer have been widely used for each
study, it is possible to obtain a solution of
complex system through numerical or digital simu-
lating methodEa)'"{5)

     I!he authors make an attempt to anaXyze the
above--mentionedheat transfer system through this
simulating method in which the furnace is recean-
gular solid, it eontainstwQ kinds of radiarit
media and has the other aetual conditions aB re-
quired. Furthermore, this is deve!oped in eage
of non-uniform eemperature and abBorption coef-
ficient of the media. The caleulation iB condaet-=
ed by Monte Carlo method, finite-difference
method and' suminerized method for each procedure.
Some results as affeeted by furnace condStions,
characteristics of radiant media, convection Emd
flow effect are obtained by the simulation in
this study.

2. DIGITAL SIMULATION OF HEAT MRANSFER

     A consideraiion ±s made on rectanguLar aolict
furnaee which containB two kinds of radiane media
(flame and surrounding combustion gas). [rlhe flame

is defined as gray gas with heat source and the
gas is defined aB non-gray gas vith a certain
region of vave length X-to Xa. Temperature andi
at)sorption coefficient is not unifeslrsn.in eacts
part of media. Another consideration 2g made on
the case where heat is transfered by radiatSon,
convection and flow effeet" various temperatures
and emissivities aJr'e employed for each wa:LZ. An
emis3ive pover. is defined by

    Ee="-eeK"e)6T& forfleme
     Kg-m"--e-ecee)6alt4&F(inr) forggs (o

     eewsEl,.6T4 for wsll
where :;:W,g,!ista.B.gt/Il;:?･gXe.gO.Wfef'i.i.."

       T ,Tbe : temperature
        2: thickness gw : emissivity of wall

1



118

Imaginary thickness

  Flow
     direcion

   Nkeg

       3
        2

       es4

                         Fig.l
        6 : Stefan-Boltzmann's eonstant

    Fcr:C'jlli gpd.rll,it.pt,oi*exp{:AtcQogee'srv)"

                        +           m" XAt(2ogeXrT'>b}: correetion factor

            for region of wave length A,to 7vkg)

Mhe folZowing Eq. is obtained for small volumeAwa
in Mg.1.

    HigssM%+Nv+le-la forflameandgas (2)
where He:emissivepover Hiv:heatgeneration
       Ne: heat transfered by radiation
       Nc: heat transfered by conveetion and
            floW effeet
[[ftien, the folftowing Eq. is obtained for h"Vh, .

    F"lqzaHw-<Hv+Uc) forwall(3)
where l-Ae: heat absorption Hte:emissivepower
     [I]he ea[Lculation is conducted by Monte Carlo
method for racXtation and finite-differenee method
for eonveetion or flow effect. A eoncept of ener-
.gY.tllgP,d±fidSh.,',:dh.?e,gP.gS:d.;Oifi!:EIRYarM,O:XS･.llA'i.cZ,g

may be ernployed to simulate each emission of
media and vra[Ll by a eommon procedure. This thick-
ness has the following charaeteristics.
(Z) [IIhe thickness is conneeted to O eK black sur-
    faee and has zero absorption coefficient.
(2) A energy bundle is rflected by boundary of
    thickness and media.
(3) A direction of bLmdie through thiclmess is

    perpendiculartoboundary. .
In Fig.1, the fulrnace with imaginary thiekness
is siibdLvided into Mx,My and MX for eaeh axis.
An equivalent intensity ge of bundle from AV
is obtalned by

    ge=CigQefgeCT)INtCsQeHdiF(T)}fN (b)
where N:nuroberofbundles
        Qs: heat generating rate
        c:eeCHigrf-Hv"Hg)l(Hw+MD: correction factor
            for conveetion and flow effect
rn Fig.2, an emitting probability Rn,Re in each
aireetion of medtiLa is                     obtained by

    fugsgsin2rrelre-..1-gosn,R,.J2:#.?eve (s)

Transforming the above to normal coordinates
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    Ri=t"-?Rn.Rx=(il={?ICOS2#Re,Rvanv,SM2fiRe (6)
where R=,Rt, Rt : emitting probability in each a)cis
Then, an intensity 3 of bundlLe from A`Kree is
obtained by

    :reE.6'rthFc-ptAAurtN+E.e"r$Ea-wc"n}AAtpt/N (T)

where Mva,: small area of AECrve
In Fig.3, an emitting probability Rn,Rein each
direetion of wal1, applying laJnbert's coyine law,
iSObRt,a.is":2eds,,,bY

n,,sndn.irpcos2n,ReeSgcl2fieu?evr <8)

Transforning the above

    resc=Ji':-Rrn ,kpt,':i' njcos?ttmp,Rb=rw, Sin2w% (9)

An absorbing probability ve2 is applied for bundle
absorbed at di$tanee

    Re=1-e'XtcLAg,U=:KLaem-fu)ge(a-fu> (10)

whereKt:KblorKg LJ:optiealthickness
When the bundie reaches boundarty of imaginary
thickness, a passing probability RE is obtained
by    mp=S. (11)Furthermore, each volume must be distinguished
betveen flame, gas and imaginary thiekness. A
control variable :$ may be used for this purpoge.

    Xs:lm6forwall,XsxMrforgas,Xstt8forflemeQ?)
     1]hu$, in order･ to simulate the heat trans-
fer, a passage of energy bundle should be deter-
mined by the following procedure. At first, Cs
and r;{T)may be assumed to deterTnine intensity
of the bundle, whieh is enitted from eenter of
b'Cr, through Eq.(L>, and direetion, absorption
and passing cenditions are ealculated by Eqs.(6),
(IO) and (ll>. A flow of caleu:Lation can'be con--
trolled by :s . And, the same items for the
other bundle, whieh is emitVed fromAVig,. are
calculated by Eqs.(7),(9) ,(10) and (nl. Next,
when eaeh bundle is reflected bY boundary of the
thiekness or re-emitted after absorbed by these
media, a pa$sage can be determined by the Bame
waif as the above. Then, if the bundle pa$ses
through the boundary , a history of the bunome
is terminated and new history of another bundle
may begin in aeeordance with 'the sanie procedure.
SummLng up total energy bundles, a total equiva--
len/t absorbing energy in AVb is obtained by

    C+Hr=::X(CiQ,R,fW("r)dllr'whCfQ+Rsff{f-FC'i)}Avi

       tts::gE,,e;teR.+F(Mi)M."E.esTISR.,,{1-FCT}}zagebe}

                          forfZame (l3a)
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      CeNveXXXCeQsiRvaF(T)zrv+XXEw6TTz$RuasFcVaAte

                              forgas (13b)
      Mps:XXtCsQeRftaysCT)tW'+C,Qvests,r{a-FtV)ATScr'1

      --::(Ets6T:l;R,..F(T)Av'-I-a.6-n$rRtewr{a-F(v}A'er)

                              forwall (14)
        Rs{, Rig,Rfte,Rtu{,Rwg,R urua : absorbingwhete
          probat)ility for region of wave length
        Atto 72. R+fp,Rw+e,RfuTv,veutuae; absorbing
          probability for region exept Alto Xfi
Anequivalent heat generation of A7S7ts in Fig.1 is

obtained by '                                 '
    CfNgxCsQIAVI)forfleJne.CtHg=Oforgas (15)

                                             '     Ianlur=Ets6T.4 aAbl for wal1 '(16)'

     In order to caleulate the correction factor
for convection and flow effect, the following Eq.
is applied for case of steady flow in Fig.li. In
the calculation, mass velocity, speeifie heat Emd
equivalent thermal conductivity are uniform in
each part of media, because Mc is relatively
smaZl to Nr.

     HevaPts(dirl-"J-Ato-L'.Tali･i･h ALyAL#t[mrLti/･j-:x'"trl･s･hALyAtsg

       .s. Mr'LJ-iihL" -VL･J･k hLxALg -e･ -r"L･J+t,i:ziflylt･#･ltts'tdivALv]

       "wcpW,jixta:"i"ri'J･taAv forfleJne (17a)

     }.ac::its(turt-t･jiskt.""ptMWtatij･kALyasLge.e. hVl":2;I:;TLJ'tats1.vALg

        .e. 4Si"L･J-2iltt.di.yMt"t"'ltAL.xAkz +' dirt'J"ilaL.I Wt'J'ltA{-xAtsv)

              W"i.J,le-{ -s M,J,le
                          ov forgas (17b)        +WCp
                  Ake

     l-lcxclAaEt"AAw forwal-1(18)

where zaig.ng: equivalent thennal conductivity
       vv:massvelocity Gp:speeificheat
       ct : convective heat transfer rate
       h"r: temperature difference between
            wall and outside of boundary 1ayer
[Vheretore, eorrection factor Ceis decided by the
above value.

     [[Then, a tota[L emissive power of AVo is de-
fined by

    Me---4KeesTesAfiWts' fOrflaneY(lg)
    Meem4Kg8T4FCy)ATtrts forgas                                          '

'[ZIhe folloving non-dimensional enissive power may
be available to check eueh resules.

     ywava i-iel(QivR A"V6) (2o)
vhere 'V:di: non-dirnensional enissive power
       Qrvn iX::Qfov hbtiF"XEtecr"V'asAA"' : mean heat

            generating rate

                                        119

    Vt e XXX tSir + XXAAw'AL : imaginary total voXume
An addition of Eqs.(l3) and (15) makes

    cfvltr+cfH$"･-Hww+Hk HH, <H$fevae)mMee eguati to (2)

A subtraetion of Eqs.(lh) and (18) froin Eq.(16)
makes

    Htu-(Htr+Hc)xMa equalto(3)

3･ PRoGRArvl FOR DIGITAL SIMULATION

     In order to apply the above method to digi-
tal computation, a program is coded by FORTRAN rV
t.hrough a flow chart in Fig.5. However, as Cs and
'F(T) ,are employed for correction of eonvection
and wave range, it, is necessary to apply trial
.an.d.:･xrs.".:s8i'log.',Tgge.xr:ffg,Fl.E;dmeg?)?E:X.C;gS,g.Y

of random number, direetion of energy bundle, abin
sorbing length for region of Ra toTR2, absorbing
1'ength except R'4 to R2, heat flow by eonvection
and flow effect, and symeerical conversion of
three dimensional matrix). Main parts of the pro-
grain are shown in Fig.6 and the foUowing input
data are used for this ealculation.
(l)N:numberofbundles e
   MX,MY,MZ : number of meshes
(2) rvfiIX,MFY,msZ : number of mesheB of f2.ame

   MZI,MZO : position of flaJne and air intake
(3) AKF,AKG : absorption coefficient ene
    Rl, R2 : wave length pa
(ij)ALX,ALY,ALZ:furnaeedimension va
    QF : heat generating rate in flarne Kcaeleevzveh
(5) CP : specifie heat kca2/KgeK

   W :massvelocitY KglevT2h
   PRF,PRG : eqdivalent thennalL conductivity
                tccga/.uaheK
    HC, HO : convective heat eransfece rate
                KcaP1ffvehtuK
(6) ElptivE6 : emissivity of walLX

   TI.evT6 :temperattireofwall eK
   TOF,TOG : temperature of air and teecireuLat--
             inggas "K

U. )ifUMI!RICAL CAI,(XJLATED RESUI,TS

     [[Ihe foilowing exampl.es are caXculated by
computer (HITAC 5020E or FACOM 230160); resul.ts
as affected by furnace size, temperature and
emissivity of wal.l, reBults as affected by flErme
shape, absorption coefficien't and region of wave
length, and resutts as affected by convectSon anct
flov effect are presented.

    At firBt, numericaL catcu16tions a2re per-
formed in ease of rectangutar soZid turnace which
is fi!led with flame and has no conveetion and
flow effect. 1]hens Figs.7 to 9 show distributioma'
of non--dimensional erniBsive power, temperatux'e
and heat at)sorption under influence of fu:rnace

3
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3.4T- DO 60 tTml,Mx
   DO 60 JTml,MY
  ..D.O."..6.0-K.Te.1,pt4.. . ..=. ...,... . ."
   NTmO
eq..Le.Lt .- -.. .. .rm,. ........-.."..mH..",-"-,.-. -- -･- -････-
   JEeJT

   KMKT .u.. ".. nm -..... ,... --･F'--T' sem'(e(r,J,K- )-.eR' ('K,:J';K'>')"D-u-tT(r';:iJ;k'j''-"+'

   rFicse,Ee,.Qe,)..op.meTO..6.P....--...--.. . ･
' ' N-Ti'N Y'.-1 "'

   XecDLXte{FLOAT(I)eOeS) "L.- ............
' -y-mb'-tYin(PML'b'At"(Hj5'd-b',S}"-'-'-''
   zdiDLze(FLoAT(K)p･o,s.).-- -...- -.,.,. ,-....
   151etS{I,J,K)
4t SG{I,J,K)mSG(l,J,K)"Sas
   CALL SUe900(NRAN,RAN)
   SUueALOG(RAN)
42 cALL sue400(NRAN,pAl.lsi"Rx,RY,RZ)
   ,CA..L.Ur"5VQ5mO.Ot.(.M..ts!pt..Y..!M.lrr,.ALXsALY,ALZ,AKP,OLX"DLy.DLZ,RX.Le-Y-,Bl!.--.---..

  1 IS,l5i.SU,i,J.K"X,Y,l)
   IF(l51..L.E..6)GOTU4S..L... ......n...-".
   semSeptDuM(l,J,K)
   GO TO 41
4S CALL SUC900(NRAN.RAN)
   IF(RAN.GT,E(t,J,K))GOT042' '''
 .-5s{.It!.J,!"K.)-.E5uTG-Cl,J,,F)--.Se-- ..-L.

   wcNT.LT.N} GO TO ao ' "M44 NTs,o

bOlmlT ''''"''''''''-''""'-'''''''"""H-"---'--'-±---   .".mJT
   KmKT '''"'--'"-'----･---.m..-.".m...,...,L.rr.,..-..".--.
   SSI.R-ca.aj.fl.u(.2.,J,?K).PP.V-MT(-t,J,K)

   IF(SotR,Ee,O.)GOTOS4'' 'le--"' -in'
   NTreNTel.
  "'xgbLx'ecFLoAic(tsm6,ss'' '- ''- '' -"-･ ------- ･--･----------.-
   VeDLYe(.FLOAT(J)eO,s)
   'ZopDL2e(FLOA'TCK)-dio';s')r'-H""'"''''-"'u--･･---･--------- . . ..
  .-1"S!ta-!Sv-CLsJ,K)
"s'i   Sd(l,J.K)mSG{1'eZilK'5'-gofft---"-h"''-･･ --.･--
   CA.LL S.UB900{NftAN.RAN)
   ALm-oALOGCRAN)tAKF
s2 cAuy..su.p4oq(ptg.A.b...eA; ,-tsliBx!Ry..Rz)
   CALLSvB60o(Mx-MY,taZ,AtX,AtiVVAL'z'','b'i'x';ti'iY,'b['z''if7x';riY"ift2i''"-'"-"'n-''J

  ';"iF-'{'ig:-{a'?'j'ssl･g-g-l-;l,A-L-."1.?J..!.ptms¥.!y,c-}-,-.--.-.-.-..ig.,- .--

ss S9.xee$eReQUM(l.,J.K).
   oo TO SI
S3 CALL SUB900CNRAN,RAN}
   IF('RA'N,G?.'Ei'1'.-J'.K))'GOttO'Sk'-''""''･""''"'T---]'''-'-''''--n"'
   SG(r,J,K),m,SG(1.J,K)mSeR
  "t'FH(FiY';L'if";N''>''tsif'Tb'sHo"t"'-"-"''-"-- ･-･･･---------".". m
S4 NTTmaNTT.N



c
6eeONtl'NUE'' "'''''-'"""''"'' "''-"'
   FINAL POINT OF INNER LooP OF CetLCV.LAT:ON
si   ANtaN '' "'"' ''"-''""-'""'   IF(tXY.Ee,O} GO TO 5e
   eALCSVC-o'tsG,'Mx-;whV'iM2,Ulb'''L-J-'-'r''"--･･--･--･--･･ ------
Se DO 61 lmlDMX
   DO'61JtsltMY ' ' ''"'"""""'"""H-'--"
   DO 61 Kml,MZ
6XSG(leJ,K)mSG(t"'JVK)'IAN '- '''''"-'''''"''"'
   DO 70 lm2!.MXtu1
  bo'TOJm'2,Myal''M'nv "' -'''-''"----------･--･----------- -. .--
   DO 70 Km2,MZml
   IF(SG(I,J,K),LT.O,)GOto･7o ''''' "'''''-''"'" '"-
   IFCDGE,Ee,o,) Go To 63
   iFCIS(:eJ,K),Ee,'7)GOT064 ' '' '
63.g.6.V8.;.8h!(.59(1".y!F.Le9rM../-C,-.:-eA!tLe.".IJ,K)ess))etap,2s.--.".. "-

64 IF(F(I,J,K).Ee,O,) 60 TO 10
62 T(1,JeK)m'(5G(t,'J,K)tie'M/(4ee'AkP(1',U';'K)'tsF(1,),k')ta'S')-)heO,'2'S' ''n '''

   DUMFmF(t,J,K)
   CALLSFMO(T(I,J,K),Rl,･R2,FCI,J,K>,' '' ''' ''
   IF(F(1,J,K),Ee,oo) Go To lo ,  "DF'taAgS((iTtl'ijiK')diOUMF)IP'it'{g:Ja'KJ'J'--''-""'''r''-"J'-- ･･----
   IF(DE,Y.E,DGg)gOTOTQ ...."
   FC1.JoK)m(F{I,J"K)-DUMF)t.2o

   GOT062 ''''' '''TO CONTINUE

691FCL5i.Ee,O)GOrO?1' '''''''''   LslmO
   Go tO 90' '-V H-"" nv-'m''""'"-''--'-"---- -･･---------･-------･---------
7i IF(DHE.Ebl.O,) GO TO eO

   pmo,S '' ''''''"""'''7? cALL suBToo(PgT,l5,MX,MY,MZ,MZOtDLX,DLv,oLz,ToG.ToF,eM,cP,bl,

  1 PRG,PRFsPRO,HC,HO,DSG') ''''･   DO 7T las2!Mxa-1
   DO'7?'JopoFlfYla-I""''''""' '--"'--""---- --･-o-----H.-
   Do TT Kn2,MZut1
   sPcsG(t,J,K),Ee.Ot)Go'TO'Sg' ' ' ''''"''''''
   IF((SG",J,K)deDSGCI,J,K)),Ee.O.) GO TO S9
   buM(T'-J,K)ta{SGCI,J,K)+DSG(lgJ,K))toPMtSGcltJ,K)+5G"',J',K}e('1,qPM)
             t<SG(l,J.,K)mDSG(1,JgK))  1
   1P(b-OP+'ci';)+,-i')eGt,o;'s G'o"t''o' yg-' '"m-'-"'""'' '--'-'''''''' "-ll''"

   buM(1,J,K)mDVM5(Ie",K). . -. . .."N-･ ----
S9 DtiMT(1,J.k)mT",J,K)
   IF(SG",JgK)eeDUM(1,J,K>/DUMS(i,JtK),GT.O,) GO TO 73
   le'(rktith'Z"O)T'77,6'S,6T ''
6S IF(tS(l,J,K),Eot.7) GO To 66
 rmClJK ('I'"jT;i('JTf'6Frn,
   GO TO T7
'6'6'T'(-l';-J-,-Kj'-'(TCI,J,K)･TOG)/2.J" '' '"'""" M''' ""'''''''''
   GO TO 77
'is7TCI,J;K5di(T(1,J,K)"i(l'eJ,K"pS))12o ' '' ''' "" ''''
   GO TO 77
"73' tF' cb'Gkt;t'di1'6;)''db-Td'?5'" ' '-'M "' ''-"m'
   IF(15CI.sJ,K),EefT.). GO .TO T4. . .. -."-...-"... ,. .-. .....
TS T{l,' JeK)taCSGCI',J,K)vaDUMCI,J,K5IDUYS(i-J,K)sceM/(4oeeAK'P(1,J,K)te'5))

  1 "-O.2S   eoTo'77 ''''' ''' '''' ''.7pe.,!F.(F.(I,.!,K).tEpt･L,) G9 Te !T-"...
76

77
6a

7e

79

"s ts

 T(l,J,K)su(sG(l,J,K}caDUN(ltJ,K)/DUMSCI,JoK)NeM/(4,eAKP(i,J,K)e

1 . FCI,J,K)"$.))WeeO,25 .. . ... DUMFmFCI,J,K)
 C4L.L5.FMOgJ(t,J!K)eR.l.,B?T.-F.gl."J,K)). ......-.....r..
 IF{F(I,J,sc}.Eet,O.) GO TO TT
 VEffA-B.S..{"CFC!sJ,K-)-"-P.U.M-F.2IE.!.!-!t-p"K-)N}..."...... .. L---.H.
 IF(DF.LEebGE) GO To 77
 FCI,J,K)m(F(I,J,X)"DUMF)t2.f. . . ".-...."...,
 GO TO 76

 COpt.TINUE ..J. .. ........... SDTdiO,
.PQ .7e. I"su2i-MeXLt".4 J.. - . --. "- --J.-.m..,.++

 DO 7S Jre2gMYml

 D078Km2,MZeil .., L,.r-.....," IFCT(:,J,P,EO,O,) GO TO 7s
 SDTeSDT.ABS((T(I,J,K)mDUMTCIDJ.,K).)tT.(h.Jesc)) . "... i..-n.
 CONTINUE
 SDTutSDT/FLoATC(MXm2>ua(Myc!2)"CMza2)) .. -,

1

IFCSDT,LE,DME) GO TO 8S
DO T9 lg2,MXel
DO 79 Jm2,MYe,1
DO 79 Km2,MZ[ml
T(1,J,K)mCTCI,J,K)+DUMT",J"K))12e
PeO.5+PI2.
.GO .TO 72

CALL
           eTgrM"eTG,DhlT-D5G,DV)
SDDmO,
DO 84 lu?,MXel
DO 84 Jm2,MYml
DO 84 Km?,MZpei
IF.{PVM{1,.J!.K).tg.NtO.t). GO TO 84

suBeoO(sG,s,T,Mx,My,MZ-MFX,MFY,ALx,At y-TOG,TOF,ofM-CP,W,enSG,

SDDtaSDD+ABs((ouM' cl,J,K)"tibruMg'(t;'J'Vb)';'6u"Ft-/;-J','it')')''""'-
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 e4 CONTiNUE
    SDDMSDD/FLOAT(CNXm?)-(MYm2)eCMZe2}) ''''''"'d"""'
    IF(SDD,LE,DCE) GO TO 290
    IF((esG+DoT),GE,o,)GoTb2so' ' ''"'''''"rr'''"'
    DO B3 le2,Mx-"1
    bo'e3Jes2,'MV'-'1''--''''''''"'"''''"'-'+-"'--"'-'-' ' "r--"
    DOe3KB?.ml-1 ..
    DUM(t,J,K)mDUM<1,J,K)-(O,StpPDi'2.)+D'U'MS(t,J,K')'"(O';'5-P'D-j-i';')""" ""-
 e3 coNTINuE

    PMMPMt3, -------- "-..,.."    GO TO 32
2sbIF{pDLMG"t',b',IM)MGb'-TO'3-tO'U''''-''-"''L'-"-'" ･-
29o ]F(ABs(cesG+DeT)tDQT),LE,DCE} Go To eo
                  '310Do303tza?,MXta1' '' ･'' r'"' ''"J-"
    DO 303 Jm2-MYe"1

    D0303Km2,MZol' '''' --･----3Q3 DuM(1,J,K)mDUM{i,J,K)w(1,+ceSG+DdiT)IDeTI2,)
   'rpom'pbti'6';s" ''--- H"'' " ""-"-'-'''-'- -"'"n"---'---'- --nv"' -"
    GO TO 32
 eo1ti(bFE,E'o.tih'GOToeg '''""'''J--""-'---
    SPFanO,
    DO'ts2lmMXI,eR2'' '''"'''''-･------------
    DO S2 JeMYI,MY2
H--'"Db'"S'i-km'MZiMZ'2me'U'---''"''"'" -'
   PUMTCI,J,x)mF(1,J,K)
''''"''''"-"' r' '''' '''T.-..･t･L---=t'.t-',･=:"-ptv    CALL $FMOCT(],J,K),RSvR2,F",J,K))
    IF'iRTIJ,K')'.'rte";'o.-)'GotO'Us'2'"-"'" ' '-T'T' H-'

--

fi2-cS8.tt.:.?.R.ttEt4BSCC.E..(.1,Y,K.}q.-.DU.M-T(.l,Jt.K)).4F(.ll!-",.K.?l-.-....---. ...-".-t-

    SDFmSD-FtFLoAT(MFNeMFYeMFZ)..-. ...    IF(sbpt.LE,DFff) Gb'To 90 '' '''
    Do eT 1ertaxl.Mx2
    Do a7 JmMvi,MY2
    DO SI KmM",MZ2
    F(1.J.K}Gs(F(I"J-K)"DUMT(1.J.K))"2,
 e7 eR(1"J,K)tsbl(t,J.K)g{1.eF{l.J.K))
    GO TO 32

So7 lbltaSS(t,J,K)
5os AAPImAKP",J,K)
    ltCRXoGE.O.) laU Tu SIU
    UhAtao{xoDLxthFLUAI"el))mAKPIItiX
 ' Gw Tb Sl]
510 UHXnt(VLxblFLoAT")-x)-AKPI/RX
5zi IF(Ry.GE.e.) uu lv siu
    UHYEtth(Ye･DLyeFLOATtJopli1))"AKPItHY
    Gu TO Si3
Si2. V. ltYsuCVLy-FLQAI(J)eV)maAKPI/Rv
513 IF(Rl.GE,O.) tio 10 514
    URZmeCLqDLL"FLUATCKml))aAKPItHZ
    Gb rO tii5
514 uRZB(Otz-FLoAl(K)qS)eeAKPI/HZ
51b UkmAMiNl(bu,uRx,UHY"UHZ)
   ..i.mKtvR"B-x,tAgP;
    YgiY"UitblRYIAKPI
    lsz"vHeRZtAKPI
    :FCUR,Es.UHx) bO TU btO
    lbCUR.EO.UHY) kn IU R2
    :FCUR.ltQ,UHI) tsO t" bZ4
   GU TO )30
Stu lt<RxeGF.u,) irU lv szi
    1utdi,1

   Go TO 526
S21 lmlsl
    Gu TO S?6
b22 l,e.CRy.GE,.V.) "O Tu 5?J
    JmJa.1
    Go TO 52fi
S23 JmJ･1
   Gv TO S?6
524 lfCRZ.ljE.O,) lau TU 52S
    KmK"1
    Go TO S26
S2) KmK+1
S2b SumSU.-UR
    15;bl15(I,J,K)
    IF(ISI,GT,fi) tsV Tv sob
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724 IFa$cs,JeK),gca,7) GO TO T21

GO TO 722
  mG

722 DSG(:,J,ec)mDSa",J,K)"CTem.T(1,J,K)}"cPwz

---"auQLZfiL-N?2S DSGCt,J,K)uaDSGCI,J,K).{TCI,J,KcmX}-TCI,JoK))"Cpwz

ltee1co1

ta T3 4
?sa pRvadeMcx

suual T !r-C-IhkK)SncGO TO T3S

ww 12ftmm-PfttseePRGX

734 PaHmpRFx

:F(Lses,Ee,O) ee TO 7ajO

--･isi-?g2?g.------3ti IXtat"Z

-o o:740 L$4ta:
wh14S iF(1$",Jl,K) 7)

es2,T4S,1"4

su742 PR C igD$G(l,Jl,X)mDSG(I,JS,K).(T(1,Jl,K).'T(kJ,Ki)epRH
   TO S
74S IF"$(kJ,K),Ee,S) gO TO T44

-PR nacR   GO TO 74S
T44 PRHdigeRFY

ww45 D$GCt J,K) bSG" J,X) <TCt,J[iK)-TCt,J,K))ef}R"
              e,ee, oTQ7So

L$4taO

---ts-xge¥g!vms-
7se
GOT T4t
couTINue

Fige6 Main part of program
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infZuence of eniss±vity anct temperatur'e of waJ}l.
A Xevel of mean temperature in furnaee has
bextcteney, in Fig.l2, to increase with size and

vaLL temperature, but decreaBe with emiss±vity.

     In order to eheck the other influences of
flaxne shape, absorption coeffieient and region of
wave length, calculations are alLso perfoxmaed in
ease of the same fux'ne,ce which contains flame and
gas and hats no eonvection and flow effeet. [llhen,

Figs.X3 to l8 show distribut±ons of ternperature
and heat mbsorption under influence of shape and
position of fiaxne. And, Figs.l9 to 21 show the
eame iCem uncter int:uence of at)sorption eoef --
fieient and region of wave length.
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     Next, ehe authors study influences of eon-q
vection and flow effect in case of the same fum-･
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     From the above-mentioned studies, it is re-
cogmzed that some inMuences of furnace size,
  -i       .emissivity and temperature of wall, flame sha[pe
and position aire most important factors, influ--
ence of flow eftect is next factor and the other
influenees of region of wave length and convec-
tion are relatively small. Then, eonsidering com-
bustion condition and outlet temperatur'e in fur--

nace, each influence should be ¢hecked by tenden-
cy as tshosrn in Figs.l2,15,2U,25 and 26.

U. CONCLUSXONS

     (l) The authors make an attempt to ana.lyze
radiative and convective heat transfer in a three
dimensiona[L furnaee through digital simulating
method.
     (2) The caLculation is conducted by Monee
earlo method for radiation and finite--difference
method for eonvection and flow effect. A program
of the above is eoded by FDRTRAN IV and its main
par"ts a:re shown in this paper･
     (3) Some ca].culatea results are shown in
this paper. In view of these results, it is re-
cognized that inMuences of furnace size, emis-
sivity and temperature of vall, flame shape and
position are most importEmV factors, influence
of flow effect is next important factor and the
other influences of region of wave length and
convection are relatively $mali.
     (L) Consider±ng combust±on condition and
outlet temperature in furnace, each influence may
be checked by tendency from calculated results.
     <5) As poss±ble to simulate heat t'ransfer in
fur'nace under various conditions, some effect$ in
actual operation woull.d be understood by thi$
study.
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