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Ka$eflpa TenjiooHepreTHKH, Bbicwan TexHHMecKan IIlKOAa,
Koiuwue

OIlPEflEJIEH H E nOJTH KOHUEHTPAUHH H TETIJIOOEMEIIA B CJIOE 3EPH H C TOrO 
MATEPHAJ1A

PeąioMe: PemeHHe 3K0H0MnvecK0fl npoÓAeMN ncnoAB30BaHMH toiuihbb hbxo-  
S ht CBoe BHpajseHwe b patíoT ax, KacaioiuHxcH cscuraHHH r a a o B o r o  TonJiHBa 
b  maxTHbix n ew ax . ÍIpaBMABHQe onpeAeAeHHe paaaeAeHHH iiotokob ra3a  h 
Ten^a b  CAoe 3epHHCToro flBTepHajia ohohb BastHo aah onwcarfun padoTbi 
npoMuuihiJieHHbix n eu etł, b  kotophx  npowcxoAHT odMeH TenAa u Macew ra 3 a  
u «jacTHU TBSpaoro T ejía , m o  npHcyme uiaxTHbiM ne^aM.

A. nPOBJIEMATHKA OIIPĘHEJIEHHfl nOJIfl KOHUEHTPAUHfi HA XOJIOflHOñ MOflFM BIAXTHOH 

IIEHH

Ilpouecc noAHoro cropaHHfi TonAHBa ^ uiaxTHOti n e w  onpeneAHCTCH pacnpene 
jieHHeM B03flyxa ropeHHa Ha nepBimHbifi ii BTopnaHbitl. nepBmwutl Boasyx hoabo- 
piCH npnMo k ropeAKaM (5e3 npenBapHTeABHoro noaorpeBa, a BTopnmifl - b 
30Hy oxna«weHHH. flBHxaniie ra3a HueaT noTeHmiajibHbifl xapaKTep, <íto npoHBAH- 
6TCH B MeSJieHHOM nepeMeillHBaHHH BTOpHWHOrO B03nyxa C T0I1AHB0M. HcXOAH H3 
aioro, MOKHO npennoAaraTB HaAHHHe flByx odAacTeH ropennn TonAHBa b waxTHok 
na»!«:

1 ) OdliaCTB SOBOABHO-T8KH HHTeHCHBHOrO nepeueillHBaHHH, a TeM H ropeHHh
TonAMBa c nepBmiHbiM B03flyxoM n e p e s  ropeAKaMH

2 )  odAacTB AOBOABHO-TaKH ueAA6HHoro nepeMeillHBaHHH, a TeM u ropeHHH 
TOnAHBa CO BTOpHMHblM B03AyX0M B tíOAbWeH W3CTH 30HH ropeHHH.

HenocpeacTBeHHoe H3yqeHne caoob icycKOBoro MaiepwaAa Ha npoMwuiAeHHbix 
a r p e r a ia x  o’ieHB 3aTpyflHHTeABHo u , k bk  npaBMAo, CAyMatlHo; Coabuic t o t o , BN' 
fiop nepeueHHbix h HHTepBaAa, b  kotopom moscho hx MeHnTb, orpaHWBen, a KpoMe 
toto He B cerna  b o 3moxho odotímemie noAy^eHHbuc pe3yAbiaT0B. no sthm  npm ni-
Hau j a h  pemeHHH BonpocoB noAH KOHqeHTpauMti h TeriAoodMeHa óum npeflAOKeHbi,
paCCMHTaHIJ H CKOHCTpywpOBaHbl X0A0AH8H W TeilAaH MOfleAb lUaXTHOH neUH H 3KC- 
nepHMeHTaAbHue odopysoBaniiH, Ha KoTopux npoBOAHAHCb H3uepeiuiH ( c m .  p u c .
I H 2 ).
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P u c . I

npeaJioseHHoe sKcnepHMeHTajiBHoe oÖopyjnoBanne Ha p w c .I  «Meer cjieayiomne 

0Ö03HaHeHHn: I -  xojioAHän uoRenb, 2 -  ABa pacnpeaeJiHTejiH nepBHHHoro B03- 
Ayxa,K  KOToptJM Boaayx noABOAHTCH no BeHTHjiHTopy -  9 -  TaHreHiyiajiBHaH noja 
wa B03Ayxa wepe3 MeMÖpauHHfi ra a o u ep  -  15-. B TpyÖKax noAann B03Ayxa noue- 
menu cTpytłHue c o n a a  -k- ja n  noAawn okhch yraepoA a b m oagjib. Okhcb y m p o -  

Aa oTÖwpaAacB «3 ÖyTbiAeR noA AaBAeHnew - 1 3 - ,  e r o  koam ^öoteo ii3Mepnjioc& 

ra30t.iepoM - 1 9 - ,  a b conna noAaBaAcn c M ecía noAawn - I 2 - .  B tophihhR  b o 3 - 
Ayx K MOAejiH noABOAUJicn OKOJio peuiëTKH - 6 -  no BeHTHjiHTopy - 1 0 -  nepe3 Typ- 

öhhhuR r a 3 0 M e p  u ipyÖKH n o A an n  - 5 - .  Ja B jie H w e  nepBHMHoro B03Ayxa kohtpojih- 
poBaJiocB u -TpyÖKauH -1 6 -,  AaBJicHiie BTopimHoro B03Ayxa -  u -  TpyÖKot! -18- 

AaBAeHHe okhch yrjtepOAa - u  -  TpyÓKofi - 2 0 - .  K otfopyAOBaHino o th och tch  ccj 
ah AAH OTÖOpa 0Öpa3U0B - 7 -  H aH3AH3aT0p - I I - . AnaAH3aTOpOM CJiyjKHT Infra 

1 1 t  -  4  aah  onpeASAeHHH oaho»; cocTaBAHiomefl. noACTSBKa moagah oÖo3Ha>iefla 
- 1 4 - .  OiBepCTHe ajih BbiÖnpaHna p aöon ero  M aiepuajia 0Ö03HaneH0 - 2 1 - .
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U e J ib io  p a n o r a  <3bijio n c c j i e f l O B a H n e  iiojih KOHueHTpaiwfl b c jioe  KycKOBoro Ma- 
Tepwajia b 33B hchm octh  o t  c j i e s y i o im a c  $aK T opon:
1) H 3 M eneH ne o tho iuohhh  f lH a M e ip a  patfonero n p o c T p o H C T B a  k B b ic o ie  aacunKH
2 )  H3MeHeHne 3epHOBoro c o c T a s a ,  BH ^a u rp a H y jio u e T p H H

3 )  H3MeneHHe o thou iohhh  noflBCfleHHoro nep B m n io ro  u BTopnnHoro B 03ayxa 
BKcnepHMeHTaBbHan MeTOflHKa HCXoanJia H3 t o t o ,  mto c u e c b  B 03ayxa c towih

BOM HJIH C 0 2 ,  CMeiiiaHHyiO npn6BH3MTejIBHO B CTeXHOMeTpi«eCKOM COOTHOIlieHHH,MO- 
hho  CMHT3TB nojiHocTbio c ropeB iuefl. OcHOBy Mo^ejiapyioinero MaTepwajia npeaciaB- 
jihji B 0 3 a y x , a b K a^ecTBe TonjMBa Cbrjia ncnojiB30BaHa okwcb y r a e p o a a .  Mojem) 
p y m a a  3 a rp y 3 K a : I )  HAeajiBHan -  oTpKjiHKHbie uiapnKH a = 1 6 ,  2 0 ,  2 8 ,mm
2 )  peajibH an -  MarHe3HTOBbifl KOHaoHTpaT d Cp = 1 0 ,  1 6 ,  2 2 .

C o c tu b  K aw oft $paK nnn fljia o(3enx 3arpy30K  np a  rpQHyjioMeTpHnecKHX n 3Me- 
peHHHX ÓbiJi: a )  33%, 33%, 33%, 6 )  15% ,25% , 60%,, b )  60%, 25%, 15%.

P e 3 y j ib T a T h i ,  a o c T iirH y T b ie  n p ii  3 K cn ep n M C H T ajib H n x  H3M epeHHHx [ 5 ]  :

I )  no KCCJie^yeMHM cooTHomeHWHM flHaueipa patfonero npocTpaHCTBa k BHCOTe 
3acbinaHHoro M arepi-iana naiifio jiea onTHMajibHtie pe3yjiBTaTbi Óbijui b c jiy n a e  a )

< a - d/hz >8 = 0,18, b - d/hz|3 = 0,20, c - d/hz£8 « 0 ,2 2 5 )
2 )'  no HccjieayeMbiM oTHoueHHHM KOJinuocTua nepBKMHoro Vn n  BTopnwHoro bo3sj 
xa V fi HaoynuiHe pe3ynbTaTbt (5ubh flocTnrnyra b c n y n a e  c )

(a - \ / \  = 6,2/93,8, b - Vp/V8 = 31/69, c - Vp/Vs = 50/50)

3 )  c  p a c T y m i iM  a n a M e i p o M  p a c i e i  n o p n c T O C T B  c j io h , w to B e ^ e T  k yjiymueHHio ne- 
p e M e u m B 3 H n a  b  c j i o e  K y c K O B o r o  M a i e p t i a J i a .

4 )  Hawdojiee onTHMajiBHbie pe3yBBTaibi n p a  nepeMeiuwBaHHH (Jhjih aocTwrHyTH np« 
CJie^yioiueM npoiieHTHow cooTHoiueHww ipaK un ii : 60%, 25% , 15%, Tanoii c o c t3 b  
Ó pajw r j i h  KAeanbHo?. u peanB itoil u ih x tu .
5 )  oK B łiB ajicH TH uil a n a M e r p  H e ao c T aT o q H O  x a p a K T e p H 3 y e x  m n x T y ,H a n p n M e p , iunxia 
C 3epH0Bb!M COCTaBOM 70 -  2 3 0  MM M CpeflHHM SHOMeTpOM 150  M M  H M 6 6 T  ÓOJIBmee 

co n p o T H B .n eH u e  n  a a e T  p c 3 y jiB T aT U  nepew eiaH B aH H H  x y a c e , mcm o inxT a 3epH O B oro  

c o d a B a  1 0 0 -2 0 0  mm h o f lH H a n o B o ro  c p e ^ n e r o  a w a M e T p a .

6 )  coi\nacHO aiiajni3y nonyneHHbix pe3yjiBTaT0B h hx MaTeMaTiwecroJi oflpatfoTKe 
c noMOiUBio KoppejiHunoHHoro aHaBM3a cjie^ yeT , mto MaTeMamnecKoe onncaHne 
KOHueiiTpannn TonjiHBa n B 03syxa Ha xobobhoM Morena Bymue B cero  npoBOHHTca 
c n o M O iU B io  cneB yionH X  y p a B H e H n ii:

a )  ypaBHeHHS-napatfoJiu B B«fle
2y  s  a  + b * x  + c . x

r a e  y “  3aBHCHMan nepeMeHHan
x  -  He3aBHCKM an n e p e M e n n a n  (B b tco T a  M O f l e n n )
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a ,b ,c  _ nocTOHHHbie

(5) ypaBHeHHe rHnepdoAbi b BHAe

y - ci = K ~ T + r z

r̂ e Cj - CTeXHOM0TpHWeCK8H KOHIieHTpaUHH TOnjIHBa O H  
K, C2 -  IlOCTOHHHbie

B. I1P0EJIEMATMA TEnJIOOBMEHA B CJIOE KyCKOBOTO MATEPMJIA

TenJioodMeH b CAoe KycKOBoro M aiepnajia oneHB CAoxHoe HBneHne, abb Hero 
x ap aK iep H H  t p h  CAeAyionme ocofieHHociH [ 1  ] :
1) TeMnepaTypa Ha noBepxHocTH KycKOB M aTepnasa, odpa3yiomero cjioM, onpeAe- 
jfieTCH He t o a b k o  odueHOM  T e n n a  M exAy codCTBeHHo CAoeu h raaoM -  BHemHHR 
lenAOodMeH, h o  h  TenAonpoBOAHocTBio MexAy OTAeABHbiMH conpwKacanuiHMHCH K y c -  

K8MH -  BHyTpeHHHt! T eooodM eH .
2) BneiDHHii T e n A o o d u e H , npoxoAHtUHt! npH  T ex H O A o n m ecK H X  T e M n e p a iy p a x  maxTHo 

ro  n p o u e c c a ,  BKAMwaeT b  c e d n  B e e  TpH b h a s  T enA oodM eH a -  TenA onpoBOAH OCTB,

KOHBeKHHX) H paAHaitfHO.
3) BnyTpeHHHi! T e o o o d w e H  o n p eA eA eH  p a 3 u e p o M  KycKOB M a T e p n a A a , K 03'M >nuneH - 

tou xenA onpoB O A H ocT H  h $opM oil K y c ico B . $ o p M a peaA B H bix KycKOB M aT ep n aA a  p a 3  

n a ,  B CBH3H C 3THM pa3AHMHa H $0pM 3 K8H3A0B AAH npOXOXAeHHH r a 3 0 B .

He Bee H3 npHBeASHHbix iftaKTopoB o a h h s k o b o  b a h h b t  Ha T e o o o d M e H  b  CAoe 

KycKOBoro M a T e p n a A a . B neK O T opbix  c A y ^ a n x  m oxho  o a h h  h a h  HecKOABKo bahhio-  

HHX $aKTOpOB H3BHTB, HTO ABeT ynpom eH H e peiueHHH 3aA a< lH .

IlpodAeMy onpeAeAeHHH K03$ii>HHHeHTa TeooodM eH a npn a b h x b h h h  x h a k o c t h  He 
noABHXHbiM CAoeM KycKOBoro u aiepnaA a H3ynaA0 MHoro HCCAeAOBaTeAeS. BKcne- 
puMeHTQABHaH MeTOAHKa, npHMeHHeMaa a o  c h x  n o p , HcnoAB30B3Aa CTaiiHOHapHuH 
npHHiwn, ocHOBaHHbiB Ha eAeKTpHHecKOM HarpeBe HCCAeAyeubix qacTHU h ah  Ha 
ipMHUnne aHaAornH T enn o- h MaccoodMeHa c nouomBio AH$i)y3H!f, h a h  Ha npnHUH- 
ne nocTOHHHoa c k o p o c t h  cymeHHH nacTHq, h a h  x e  HecTauHoir pHufl MeTOA, k k o -  

Topoiiy m oxho  OTHecTH OAHOKpaTHbiH HarpeB hah  oxnaxAeHHe c a o h ,  h a h  qnKAHMe- 
qecKHfi MeTOA. Kan b  ocTaABHbix cA ynanx, KacaioAMxcH TenAoodMeHa, TaK h b 

CJiyqae HenoABHXHoro c a o h , aaBHCHMocTB K03$$HUHeHTa TenAoodMeHa o t  ywacT- 
Bynmnx nepeMeHHux, BbipaxaeTCH c noMomBio $yHKUHH KpHTepna noAodHH. IlocAeAO 
BaieABHOCTB onHcaHHH TenAoodMeHa b HenoABHXHOM CAoe K ycK O B oro  MaiepHaAa, 
b oiAHHue o t  ApyrHX ocHOBHbix CAywaeB TenAoodMeHa, He HMeeT ao  c h x  nop eAH 
hoR pa3padpTKH. OdmHR b h a  3 t o R 3aBHCHM0CTH HMeeT CAeAywyyn $opMy :
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Nu = f ( Re, Pr, £ , D/dK , 0 )
Sts  aaBHCHMocTB bo MHorax cayw anx  mokbt (5litb BbipaxeHa h b hhoH $opMe :

Hu t  k  . Be” , e 1 . ( D /d K) d . 0  k ,
Ann oueHKH SKcnepnMenTaabHbix aaHHbix aBTopw Bbi<5npaan pa3Hbie xapaKTeptic- 

t h k h , a TaKHte xapaKTepabifi p: 3Mep aacmu, CKopocTb aBHxeHHH OTHocwan k cji 
0» (cKopocTb b nopHCTOM caoe) nan  k CBofioaHOMy ceqeHH» otfopyaoBaHHH (cko- 
pocTB (5e3 KycKOBoro cao«) . Ann cpaBHeHua npwBeaeHHtix aaHHbix HeoCxoamtio 
Bbipa3HTb Bee pa(5ora oaHHaKOBbiM BbipaweHHeM xapaKTepHux qacTHU h Be - Kpit- 
TepHfl. flaa caoeB, co c to h u u jx  u s  inapHKOB, b KaqecTBe xapaKTepHoro pasMepa 
fipaaca awaMeTp mapHKa a hK

Re s ------K
V

Ann c a o S B , coctohihm x H3 qaCTHU He iuapoBHaHofl (iopMbi, paccMHTbiBaaca bkbh

BaaeHTHbit! aaaM eTp qacTMiibi a n  ^
Be * —

y

H cxoas H3 aaHHux coBpeueHHoii aw ie p aT y p u  mojkho c a e a a T b  caeayiom ee 3aK- 
aioqeH ne: b aH T epaiypH ux  aaHHbix HMeeTca aocTaTowHo Hii$opwauHR o TenaooCMe- 
He b c a o e  KycKOBoro M aT eptinaa. 3 th  aaHHhie moxho oCJodmiiTb h H cnoab30B aib 
a a a  pemeHHH onpeaeaeH H iix  KOHKpeiHiix c a y q a e B . Ann nocaeay iow ero  T eo p em q ec- 
K oro h SKcnepHMeHTaabHoro aH aan3a TpeflyioTca CBeaeHHa o TenaootfM ene ripn 
BbicoKHX T ew n ep aT y p ax , o TenaooflMeHe b HenoaBHXHou c a o e  qacT im  H eonpeae- 
aSHHOi! $opMbi, a T a r a e  o BaHHHHii xnrw iqecK oro cocT aB a T enaoH ocH T eaa.

H cxoaa H3 3 T o ro  aH aaH 3a, Hania padoT a (Juaa HanpaBaeHa na onpeaeaeH H e 
cocTaBaHMmefl H3ayqeHWH. Il3ayqeHHe ra30B  npH H arpeB e c a o n  orpaH nqeH o Hetfo- 
abiuHMH pa3MepaMH KBHaaHKOB u e x a y  qacTimaMH h HH3K0&i KOHueHTpaijMefl MHoroa- 
TOMHbix M oaenya .

TenaooCJbieH HsayqeHMeM w exay raa au H  h iumxtoH Heab3H HCKaioqwTb b m axim a 
n e q a x  flan  o fix u ra  M arHe3HTa, raaBHUM otfpa30M b aoHe H a rp e B a , ^eKap(5oHH3ami 
h h o tf x u ra ,  a  TaKxe b a p y r n x  inaxTHwx n e q a x  noaoflH oro  T w na. IlocKoabKy npo 
H3B0flHTeabH0CTb maxTHott newH h e8 p a3 tiep u  b npuHUHne onpeaeaH»TCH hhtchch 
BHocTbio TenaoofiM ena w exay r a 3 a « n  h uinxToi!, neo(5xoain:o Ann MHTeHCn$;:Kanmi 
x o a a  uiaxTHbix neqeH  npn npoeKTwpoBaHiin HcxoaiiTb KaK moscho H3 C oaee tomhhx 
h HaqepnbiBaioinHX M aiepnaaoB  o TenaootfMeHe b maxiHbix n e q a x .  flan HaOawaemiR 
aaHHoa npofiaeM u fitiao BbibpaHo caeayiom ee :
- ueToa
- 3KcnepnMeHTaabHoe otfopyaoBaHne
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- crrncod MSMepeHHH h odpadcmcH noayHGHHbix 3KcnepnMeHTaaBHbix aaHHHx. Æah 
HaÔJiwcHKH di'iji M3dpaH oaHOKpaTHbiîi H arpeB , CBnaaHHbitl c oxaeacfleHHeM. Æah o 
ÖccneueHHH HadaioaeHHH 3a n3Jiyw6HneM dbiao HeodxoaHMo conocTaBHTB TenaoHO- 
CHTÛJlb H3 H3Jiy^ai01UHX COCTaBJIHIOIHKX, TO eCTb M3 MH0r03T0MHb!X ra a o B , KaK ,Ha

C O , h 2 o 3th ra3bi naxoaaTca b aeîîCTBHTeABHocTH h b  nenHoM btmonp^Mep, 
cijepe.

3KcnepwMeHTbi npoB oaoH C B  Ha oÔopyaoBaHHH, H3odpa*ëHHOM Ha pw c. 2 .  H a  
noiiyneHHbix pe3yjiB T axoB , r a e  b KanecTBe TenaoHOCHTeaa HcnoaBSOBaacH h h c th ô  

B03ayx ujm  B o a a y x , odoramëHHbitl C 0 2  b  HedoaBuinx KOHueHTpauHHx (5  -  1 0  % ), 
mokho caeJiaTB npeaBapHTeaBHoe 3aK a»'ieH H e. TIjih p a c q ë i a  K03<5íimneHTa T en a o - 
odaeHa b c a o e  K ycK osoro  i/iaTepnaaa b KOHKpeTHbix c a y n a n x  mokho ncnoaB30BaTB 
38BHCHMOCTH, npeaaoateHHbie HM»e HCcaeaoBaTeaHMH. üpn  B udope cooTBeTCTByio- 
nett 3aBHCHM0CTH HeodXOflHMO HCXOflHTB H3 BeaWHHHbl Re -  KpHTepHH, KOTOpaH HC 
iiepnbiBaiome x ap a K T ep n 3 y e i aapoaHHaMHnecKHe OTHomeHHH KOHKpeTHoro cayH afl[2],

*  1 , 4  . ( 1  -  €  ) 0 »61  . R e 0 »59 

1 ,0 6 4 . ro ( 1 - 6 ) 0,41

il0 ’™'- 1 , 5 2  ( 1 - 6 ) ° » ^ " ”

Gamson, B.W. t Nu

McConnachle ,J .T. Nu

Sen Gupta, A. 
Thodos, G. < Nu

Cuchanov.Z.F. 
Sapatlna,E.A.t
Gamson, B.W.

Nu

Thodçs.G. 
Hougen.O.A.t

Nu

STUSS Nu
Fumas ,C .C. ł Nu

Re 
1-4550

20-2500

_ _Oa2 ¿ 5 ._Re . e -1
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OKREŚLENIE POLA KONCENTRACJI I WYMIANY CIEPŁA W WARSTWIE MATERIAŁU 
ZIARNISTEGO

Streszczenie
Rozwiązanie problemu ekonomicznego wykorzystania paliwa znajduje 

wyraz w praoaoh dotycząoych spalania paliwa gazowego w pleoach szybo
wych, będących w stosunku do pieców obrotowych alternatywą nie mającą 
tak wysokich wymagań energetycznych. Prawidłowe określenie strumieni 
gazu 1 ciepła w warstwie materiału ziarnistego Jest bardzo walne dla 
opisania dzlałaniia pleców przemysłowych, w których zachodzi wymiana 
ciepła i masy między gazem a cząstkami ciała stałego, co ma miejsce 
w przypadku pieaów szybowych.
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DETERMINATION OF CONCENTRATION FIELD AND HEAT EXCHANGE IN GRAINY 
’MATERIAL BED

S u m m a r y

A solution of economical fuel utilization problem Is worked out by 
Investigations on fuel gas combustion in shaft furnaces which are 
alternative for rotary furnaces. Shaft furnaces have smaller energetical 
requirements. A proper determination of gaa-strearns and heat distribution 
in a grainy material bed is very important for description of industrial 
furnaces operation in which heat and mass transfer goes between the gas 
and solid phase particles what takes place in the case of shaft furnaces. 
The paper consist of two parts: «
- problems on concentration field determination for a grainy material bed,
- problems on heat exchange in a grainy material bed*


