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[{ } Gt +1
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" {2(coshn cosE) An51nhn} G ny
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+ { } 6l +1
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{l PRI W (ol
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D R
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[{2(coshn cosE)+An51nhn} W

2(An) i+l,3j
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2 (An) % =13

+

{(251n€ AEcosg)coshn sln2£+A£} ¢

2 (A%) %sing i,j+1 (2.13)

{(251nE+A€cosE)coshn 51n2£ AE} W

2(A£) 51nE ir3-1

1 | n
~ coshn-cost Gi,j‘]
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3(An)2
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ERAPRECOBEROI FrBlnil.RXLoMHBL L,
Re =R /C =3(Da + Ds + 2L )/ 2C

=6(coshn a + 1)/ | sinhna | (2.15.2)
ER.ZOOROAZINERIPE. BEEZOBRRRMBRRA £ H
WTEHRL L,

D;/Dﬂ <1 o4

1 lsinhnA|2
Ry = ———— {( K+l )+ — }
IsinhnAl (coshn, + 1)
(2.15.b)
De/Da > 1 DFEE :
1 , ’ IsinhnBlz’
R, = ————— *{( K+1 )+ — — }
| sinhng | (coshng + 1)
(2.15.¢)

ERoHEI. 8BRS Z2HOLVIiITo k., 2O0ORBRBABE IR
vrﬁ'ﬁﬂﬁ-&:&qfi&)ko HhBEB oy P dStimson & Jeffery
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Table 2. 1- Ranges of variables for the present

calculation at DB/DA=1.

Repp Dp/Dp L/Dp Sc R, M N Na

1 1.0 1.50 1.0 14.0 81 61 -0.962
1.0 2,00 1.0 11.0 81 ~61 -1.317
1.0 4,00 1.0 8.0 81 61 -2.063
1.0 5.99 1.0 7.0 81 61 -2.477
1.0 9.99 1.0 6.0 81 61 -2.992

10 1.0 1.50 1.0 14.0 81 61 -0.962
1.0 2,00 1.0 11.0 81 61 -1.317
1.0 4.00 1.0 8.0 81 61 -2.063
1.0 5.99 1.0 7.0 81 61 -2.477

1.0 9.99 1.0 6.0 81 61 -2.992

| 20 1.0 1.50 1.0 14.0 61 61 -0.962
1.0 2.00 1.0 11.0 81 61 -1.317
1.0 4.00 1.0 8.0 81 61 -2.063
1.0 5.99 1.0 7.0 81 61 -2.477

1.0 9.99 1.0 6.0 81 61 -2.992

30 1.0 1.50 1.0 14.0 101 61 -0.962
1.0 4.00 1.0 8.0 101 61 -2.063

1.0 9.99 1.0 6.0 101 61 -2.992
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Table 2. 2 Ranges of variables for the present

‘calculation at DB/DAﬁF 1.

Reps Dgp/Dp L/Dp Sc Ry, M N Na .ﬂB K

1 0.25 2 1 9.71 101 61 -1.382 2.708 16

== 0.50 2 .1..9.84.101 61 -1.369 2.014 16
0.50 4 1 7.41 101 61 -2.075 2.757 25
0.50 6 1 6.06 101 61 -2.483 3.171 30

0.50 10 1 5.52 101 61 -2.995 3.686 45

1.50 2 1.13.98 81 91 -1.222 0.904 13
1.50 4 1 8.99 81 61 -2.043 1.658 20
1.50 6 1 8.71 101 61 -2.469 2.072 30

1.50 10 1 7.06 101 61 -2.990 2.588 39

30 0.50 2 1 9.84 81 91 -1.369 2.014 16
0.50 4 1 7.41 101 61 -2.075 2.757 25
0.50 6 1 6.06 101 61 -2.483 3.171 30

0.50 10 1T 5.52 121 61 -2.995 3.686 45

1.50 2 1 13.98 Si 91 -1.222 0.904 13
1.50 4 1 8.99 81 61 -2.043 1.658 20
1.50 6 1 8.71 101 61 -2.469 2.072 30

1.50 10 1T 7.06 121 61 -2.990 2.588 39
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OBER™™ 2HVA, BhBEBEoOHREI. UDFToRExEo 0T
hhrZ28ERET2ETCH- R,

F C¢n*t-9n )/ | ¢ 10°° (2.16)
1T Ce¢n*t-9mn )/ (¢ +1) | < 1077 (2.17)
Fig.2.2 @&« 31‘35:0)71::—9&4»—&%7%!,7:%)0)?;55.
ERnfEoitx® : ZO0ROXREEI AT, RXEH O T
MLR, |
Bl O B
n .
A= {sinhn
- 4 14 2 g A
P = 1 — — — A T
| a - + ReC JUA (BE)E=Odn + Rec Io{an coshnA- cosg}n=nAd£
(2.18)
o
_ ‘ n ; '
: t A & . sinhn
- 4 3T 2 14 B .
...P - r— — —_— —_— - , bl L
n=nAL€=ﬁ RecInB(ag)E?ﬂdn + Rec[ﬂ{Bn coshn- cosf- n=anE

| (2.19)
Bqs.(2.18),(2.19) X VD0 ROBRERFRIXRAEH V T 3

L k.
B O K

m P.sin&(cosfcoshn. .- 1)
A A ag (2.20)

. 2
Crna = 2|sinhn_| J
DPA A Jo (ccshnA— cosg)3

20K :

™ RBsinE(cosgcoshnB—l)

_ i 2
Cppp = ~2|sinhng] J & (2.21n)

0 (coshnB— cos§)3

e

CTOROERERERR. REHOBEE T AT REL T 5 ¢ &
MORAEAODCHEL k.
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L. [=1+1

n=n+1

i j N k=k+1

Fig. 2. 2 Flow chart for calculation.
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4led 2_. _

e - 4[s:mhnAl sinhn, J»':r sinzg ‘| at

. DFA Rec 0 (coshnA— cost) 3 A=Np
(2.22)

& o ®
- . 2 ..
. ) 4|s:mhnB| SlnhnBjﬂ sinE . a
N > —_
DFB Req 0 (coshng-cosg) 37 n=ng
- (2.23)
ERBAHEI. RXEFBOCHEL L,

Cp» = Coper + CorF (2.24)

TE . B GHITAC N-28002 Y ¥ 2 ~ 2 H VT ok, HHEBH
R. EHFERERCOCERMI2 ALEL L & .
REHOFBARVBEONOROERER: —-0RMNEEE
BhTosBe. HOROERFERR. B~ ROBERBERE — %4
BLEAONG., T T ARKFTEOR AR ERNT 540 i .
ZO0BRPERFTCBEBAALES (L/Da=8.99 ) KOV TH OROIKE
HERLE-—ROBEORELRB LA, 2ORBEERLADON
Fig. 2.3 CH 5., M O XM . Lapple-Shepherdo BH R 0 &
HERCHT2HEY TthHy, —SEME Cliftb 0B *S %
FLEbOTHD, AHNUMER. BEORRELERE L To
5,

Pig. 2.4 HOBRONA RS AENOHMBEERLL b O T
55, BORUIR. RRTORSAENTH 5. RhoZ@ME. B
HEREER L VB O N ANSRARENTH 0. AME R b — 7
ARRESYINFROAENCH 5. AHEBR . B oM R
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162""

i | = /7= IClift et al_
4 ["Stokes ﬁ/h ' \O\Z |

Sphere A Sphere B

2
L
0.4 L ,
1 2 4 6 810 20 40 60 80100
RGPA [_]
Fig. 2. 3 | Drag.coefficients of the front sphere for the -

case of large coaxial distance and comparison

with those for single sphere.
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LEBR—HLTW 3., DEXD. AN BRERCE I b O LY
WL k. |

2. 4 AESIo0EBELVWZ-_ OO 0ROERRX
;voﬁ@ib’)@iﬁhiﬁ (Ds/Da=1): Figs. 2. 5a,b &

Rera=1.03 X U3 >0 RRMNMEEAL LEE (L/Da=1.50 )D&
BAHTEFRLEDOTH 2, Rera=1. 008 & HOREBOROR

TR, doBedlcRrREABERSAHERLTCNSE, T HhE

L CRern=30 OB A . REAFRHIBLE-TH LT, 220
ﬁ@ﬁt&@fﬁ@&o%ﬁ?ﬁn#ﬂaﬁb*cm%.,

BE. ZOORNTIABALBAOKBRIFTR. B—RoP AL
BeHEHBRZIHERL L, ,
 Fig. 2.6H . —Bl.E LT Rern=1.0 CO_DOROETMEN R %
cRdTsERTODLOBMERBOEEARLLEDbDOTH S, R OHE
RERTORBEANP ¢h0. RHRHF ORI AACORE O T
~5/25‘, NS 2 - R, 20RO LOEHESR LEWOROEZEDT
ABEELABRZO T OHMERL/DCS 2. BTOABRAORO
EEENAG 4. EHUBORORBEENAFARLTL B, WO
BoBa. REEANE. FOMER L/Ds RASXIERLRO
BoBATOLT ALY 5.

BOROBAE. EEENE. PAOMESR L/Da NS X3 RE
DB —RCEREENNRBALASRONFRSAT, AS RO T
2. AR OKEBEE L4 VX Rera 232X CHTF o ET B WO
ROBLEBEACHT ANLMEROBER. L4 VX KRera
MHEmFT 2 sdbBOMILLB, BoRoBEV L/ v X Rern
DMK EDAVAEL T ok,

B RERBRSIUBBERER: Fig. 2.78. SO0 ROW
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r = R0
P=10 - LIDE15
| | 1D 1.0
0 014 - 0.0004
l \
0.1 - _
7 N5 LT N
7 \0/2 &-’M D;/2
0.0001 .
—_— —{~ —
Fig. 2. 5a Streamlines around coaxial two spheres at

N RePA=1.0 and L/DA=1.5.

Rg,=30

|
[ LID=15
| ] 0/D=10

| ' | ‘ '
/’ 0 - 0005 0.0005

Fig. 2. 5b Streamlines around coaxial two spheres at

RePA=30 and L/DA=1-5.
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Re, 1] 1.0
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U B 5
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©  [rad]
f'Fig. 2. 6 -Local distrib;tion' of surface pressure

front and rear sphere at Rep,=1.0.
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D,/D, 11,0

~ 2 4 6 810 20
LD, [

Fig. 2. 7 Form drag coefficients of front and rear

sphere.
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RERBRCHT 200 MEROBELERLALbOTSH 2. RO
. BRERBECor o2 B~ ROBRERBECoro®® THB
ELEbOTHY, RHUEERTOTOMBRL/DaT S 3, X35 2
~ S RAOROEBERO VA ) VX B ReraT d 3,

HOoOROKE&. PREERES. POBEESENNS S T3 0L
BRHAEBLT I, k. BREXBBR AT 2D LOMEROE S
B VA 2 v XBPRELSBLIZHROVNSSTYD, B—BRo2hiz
&L

ROROBE. PREVNBRENOROBALEBE d LM ER
PR RBEHRVRITEIN. PREFZRB AT 2o HE R
DEER. NOROBELERRERARC VA I W XBEXENT 3 &0
A& B3, thi, Fig. 2.6 EH»P oI 3 LS5, WHOROD
BAE. DONBEROEERROBROBIKEE (5123000 L.
ROROBE. BOENRAXBALEIRONSR2ANERE
BABEX3hBTH 3B,

Fig. 2.8 . BEREBEHBR - T2 O NEROBEL R LA b
PTHs. HOBRBE. BEBERARC o 2R~ ROBEBEERE XK
Crorro '’ CHBUELE b OT S 3,

BEEREERRB I 2P LOMBEREOESE . WoRECHLT DR
PREBMLTODBRERFEROBA L CRERAERNE RS,

ERGHReNT PO MBEBROBE: Fig. 2.98. D0 KO
BRARRCHT PO MEROEEERLAGO TS 3.

MOBHE. BRHPHC, +H—BROBRFKCroTBBRLL L
b0TH s, HBEOLDI. Rera-40 5 Y 3 Tald 7 OKREE

VH 2R L k.,
ERBRCHT oo MEROY S . BRENB RS & U BB
ERBBROBEEERABREMEMER .
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& _%| el
o L l D,/D, -1[1.0 |
1 2 4L 6 810 20
L/Dy [-]
Fig. 2. 8 Friction drag coefficients of front and rear
sphere. |
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2. 5 AKEIORULIZI_ODOBOEREXN
00RO EDY OB NI (Ds/Da #1): Figs. 2.10a,b .

AESHBUIBEO 20RO EbVORMBMATERLAE DO T
5. HEKB . Rera=30,L/Da=2CT 5 3,

Fig. 2.10a0 8 & (Ds/Da=1.5). “2 O KR OMLBOR O & 0 &
GTeCHROPHET S5, Chicx UL CFig., 2.10bD B & (Ds/Da=0.5)
B, HOBROBROBACHT AL HANMBT 3, 0> w. B
BRI LZ o0 OETDLOBIhIBUERZ 2,

ERBBRcHT 2 RBELOFE :  Fig. 2.11 @, BRT OB D

M EBL/Da=2, LA/ VWX Rera=l KRB Y 2ERRB YT 28
RETOKBELEDs/Da DEEEARLAEADOTH 2, H O & ﬁ?fi
BBMCr A RMOFHNK LB —ROBREK CroC HBILLAD
ODTHY ., BHIIREL Ds/DaT d 3,

MOKROBE (OH) . REW Ds/Dad AS BB E L bl I
EHORLVBOBRMAS AN B L L bR ERBRERS L. B —
BEOTRIY NS KD, BOKOBE (@) . Bi%kDa/Dn
MAESKEBEEDIE . ERBRBRRE—RoME#5<.,

Fig. 2. 12 &< b 4/ & X B Rera=1. REED:/Da=0.5 & & U
L. b3 _moRoEBERRECH I ITLHESBOES L RL
RbDTH B, BN OABMS LT —ABB . Da/Dacl OB & 0
RERLAEbOTH 35,

HOROBE. ERRACHT 2o MERO LS QRRE LXK
SR BEEDIRAEINRZ, chiodlTtioRoBESE. B K
Bed T 200 MEHEONER. HOROBALD b AL X
BN, ZOBEBR. HOROBALEBERBEENKAS B 5 & &
bRAEC KB,
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l P=05 L/Ds (-1 ] 2.0

l 0.1 DDy -1 ] 1.5

Ua. /)05 -00001

l 0005
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/ Dgl2
Dal2 ~0.0001
Fig. 2.10a Streamlines around coaxial two sphéres at

I ‘ ReppL-1} 30
I Y=0.5 " L/ID,-1} 20
Oy/DyL-1] 05
| /]
— 0.000
-0.00001 1
/]
"l -
DJ2 ‘ .
MTONDD] 0,72
Fig. 2.10b Streamlines around coaxial two spheres at
Repp=30,L/Dp=1.5 and Dp/Dp=0.5.
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Rera=30 T WOROERKRRCH S 2O MERO Y E Y A
SRV BERBBEBE—ROoZThiEEDSL, . BOROER
BERCH T 2O E RO Y E HRera-l0BARENRTER I X &
{2 5,

2. 6 ZooRoHEHRECHIIHEBY
RBOoOROERKBCLMEMIILTOF -2 2. KRB OWHE%
a‘b‘ko %0)%%\ R‘D*ﬁgﬂ)&gf:o

2 oK :
- Cpg | 1
CDO - -0.06
... 0,31 ~0.43 ~0.90+Re_, = °
1+ 0.53 RePA - (D3/D,) - (L/D,) PA
(2.25)

F-r0BRARZEI5ITH . HEXNoFEHAHE I :
Reen ¢ 1.0-30
L/Ba ¢ "1.5-18
Da/Ba : 0.25-1.50
TH 3, Fig, 2.13 U BRRBRLHEBAZ2ERLLAbDCH 2, Wik
OEKBET. AHEBE Eq.(2.2)%2 R LT3, LD AHBREHL
B LTBRHEROF - S ERABCHETE B END DB,
Fig, 2.14 . BOBRE OV CRHEB O & B 0K+ k&
LARBEERLADOCS 2, RWOEMIE. ABHEBMOME Eq.
(2.25) © Rera-30 5 Y 3K AEE. ABRTal 57 O Rera-40
T L/Da=1.2 , 2.5 , Dua/Da=l. 00 % HFPUIEHEERBERLTL
. % k. Chen and Tong®*’ ® Rera=200T , L/Da=1.5 ,Da/Da=1.0
PEBLFYIABLELRESHRALLBAOHNB L E F 1 i
L EMMBEOSLU@H TR LA, K& Chen & Tong®* 0 3§ &
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Fig.

Key Remarks Re,, [-]

A Talet a”™ | 40 |
|-o,® | Chen and Tond" 200

—— | This work 30

and previous workers.
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- Numerical solution
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06 ///AA'
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2.14 Comparison.with numerical solution at RePA=3O



HEHBECETHEN S 3B, (/o ORDURERERL T
PEHOROBHRER: I 5HOZhell o ARBELOHT. 3 5
HOBOERBERZEZ 1 BFHO T h R oA RE*@B TR L L, &
BB ORera=30 O R . BEHEORBRLAFCL—RLTW 2, =
NI BERERBEHT I LA VX BOEE . Reraz 30 ¢ i
BEALEDOLRV DD ERA OGNS, LAMST. Reraz 30 O
BE. ROROERFERCHE I 2 M. KRR :

# oIk
c | 1
DB — . (2.26)
“po ~0.43 . -0.73
1+ 1.52 (0g/p,) "3 /D))
K 3,

BE. WORRCLBLTLIBOROBALEHE., 2705 - %
HovTEREROF -2 0HBERI>IRL., TOBER. T :
2R 3

CDA : !

C ' . (2.27)
DO : 0.42
. 2.22 -1.40"Re
1+ 0.32-(DB/DA) -(L/DA) PA

EBR. FoSORARESSCHAAEHR. ROROBA L HR
TH 5,

Pig. 2.15 B, HOBRKBMLUTRRB I HBMRAELEBLE SO T
52, HPoXBRE. BEROME Eq.(2.27) 257LEdOTH
2., InID. AWMBERNEAVI I L CHREREBRBP B CSE 2
TENRDD B,

2. 71 ABoOE®
M EREESARA S O0ROT DL ORNBARBEE L H
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HI#ESBILDRera=1-30,L/Da=1.5-10,Ds/Da=0.25-1.500 %
CHERFBCEMNL., 2ORE. DTOL®R L8k,

1) Z20ROERBRZ. DOMER. RERS LT LA
PABE L S THEER Y B,

2) ZOOROERERCNTITLOMBE®R. RERS I UL
A VABOBER. HOKLIVBOROBINED XS K3,

3) ZOOROEBREBRCHTIGLOMBER. REES LT L

A NVZABOEEEERBRLLEFLLVHAERXNEREL £,
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3 B 0 = el E = B = L A — o oD
PR oo M N B Eh = BI 3 B % i
B2 BT 7Y

n

3.1 AZOHW

HEORREFZRAVCHAMBMECENSAA - 20ROET LY OBE

BEETBERBECIVBRERF L. C20ROBEBH Y+ 2 B

MoFTEPEOBELRNT 3.

3. 2 EBRSIUBRKE
RBEES RPYIEE. WREE—-—FOHEBIBERIRIRR

a8

e ayp 2% a8

%% F- T T RelSc{_ sinssinhn 2 anc
c (coshn-cosg)
+ cosEcoshn-1 . aec + sing azec + sing 3260}
: (coshn—cosg)z °f coshn-cosg an coshn-cosg 352
(3.1)
KX 3,
BREZHER:
£=10 : 390/35 = 0 (3.2.a)
g=n .aé;/ag = 0 (3.2.b)
7= 7Na N8 : 6 c=1 (3.2.¢)
Outer boundary R, : 8 c=10 (3.2.4)

TH B
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3. 3 §§ﬁ!§¥ﬂf2§

BEwXozEsni: Eq, (3.1) R, AL H Egs.
VLEHBENEDLUBHES 2AVCRERD &,
@B. DR . TaylorBEHE2HAWTZ RT3 ¢ RA DL i

(8.2.a-d) %

Eqs.

3.

k+l _ _ (An)2(ag)?
°i,  20m %+ ?

e

{ 1 _' sinhn
(An)2 '2(An) (coshn-cosg)

(coshn—cosﬁ)ReCSC , k
I (AE)sing “?i,j+l'wirj-l)}eci+1 j

1 sinn

' {(An)z " ZTE) (coshn=cost) (3.3)
(coshn-cosg)ReCSc ' x
4(an) (BE)sint "wi,j+1"”i,j-1)}9ci_l 5

1 cosiéoshn—l

" (ag) 2 ¥ (ALY sink (coshn-cosE)

(coshn-cosf)Re _Sc
S (... .-y, - )}e K
4 (An) (A&)sin YYi4l,5 Yi-1,3 i, 441

1 - cosicoshn-1
(Ag)z 2 (A&) sing (coshn-cosg)

+ {

(coshn—cdsE)RecSc x -
t—rmEm eostme - Wi, iV, 50 ) j—l]
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Fig. 3. 2a Lines -of constant concentration around two
spheres at RePA=1.O,L/DA=1.5,DB/DA=1.O and

Sc=1.0.

Fig. 3. 2b Lines of constant concentration around two
spheres at Repp=30, L/Dp=1.5,Dg/Dy=1.0 and

Sc=1.0.
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BEAEBHIATLAEL, 220, ¥ FPHMERLELCERER
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Table 4. 1 Ranges of experimental variables.
System Water Octane Hexane Pentane
Dp{mm] 1.66-2.71 2.16-2.24 1.68-1.83 2.10-2.27
Dpglmm] 1.1-3.2 1.1-2.0 2.0 2.0

Teo [K] 325—344 319-333 342-361 320-367
L [mm] 2.9-52.6 2.6-22.1 3.3-31.6 2.7-17.7
U,[m/s] 0.34-1.06 0.40-1.06 0.31-0.83 0.27-1.12
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Table 5.1

Ranges of experimental variables.

system

Water-air Hexane—air
Dp {mm] 1'53f2'89 1.69-2.51
Dy [mm ] 1.54-3.02 1.61-2.70
L [mm] 1.96-19.61 2.19-6.99
Te [K] 323-365 301-342
Uy, [m/s] 0.45-1.50 0.59-0.61
Repp [-] 64-230 122-219
Sc (-1 0.59 1.57-1.10
By [-] 0.02-0.05 0.25-0.64
L/Dy [-] 0.98-11.04 1.05-3.45
Dg/Dp [-] 0.54-1.58 0.81-1.15
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T | i |
e ~Numerical solution ( RePA=150)
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’33 0/, 1] 1.0
- 0.2 \ 4 70
T v | 100
@ 150
01 : @) 200
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* Fig. 5. 2 Diffusion fluxes of rear drops at intermediate

Reynolds number.
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fluxes of rear drops.
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Fig. 5. 3 Effect of diaméter ratio on the diffusion
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Rear Drop
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301
I
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wn
Water—-Air System
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| Dg 92 | _138-Re 0%
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i_Fig. 5. 4 Diffusion fluxes of rear drops under lowvmass

flux conditions ; comparison with -numerical

results.
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CTRBIShIERTZOBERENIC. ERRREDR T *VEED
Tb0TH s, HPOERR. BYUERR TP U SABEROME
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1 |
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0 Hexane-Air System

®

a8 1 ,

= Numerical solution
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Fig. 5. 6 Effect of diét#nce between two drops on the

diffusion fluxes of rear drop; corrected for
effect of high mass flux and of variable

properties.
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Table 6.1

Ranges of expérimental variables.

System Solid sphere-Air Pentane-Air
Dpg  [mm] 1.0-5.0 2.15-2.87
Tpo [K] e 291-299
Te (K] 288-294 299-310
Rep  [-] 144-2286 756-1817
Sc (-1 - 0.634-1.396
By [-1] - 0.276-1.938
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Fig.ﬁ 6. 7 Drag coefficients of solid spheres.
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‘Table 6. 2 Basic equations for simulation.

Equation of motion:

U _ 4. SE_:_EE_)'_ 3. ™™ *%p
dt Pp 4 pP-DP
Dfég coefficients:
0.19.5c 074 (1 + By )0

C'D/CDO=1/(1+BM)

24 - 3.73

4.83107%Re, 2
’ + 0,49

0o

3/2

= + —
Rep, Re-.Pl77 1+ 3x10—6ReP

Heat and diffusion fluxes:

Nu/Nug= g(By)

Sh(1- wg)/ISh(1- wg)lg= g(By) (P, / Pg)'/3

Nug= 2 + 0.6 Rep'/Z pr1/3
[Sh(1- wg)lg= 2 + 0.6 Rep'/2 sc!/3

g(B)= 1/{0.3 + 0.7(1+B)0-88}
Heat and mass balance:
T 3 -.\d o T
( D5 PpeCp) J(Tp) = (Q = MW )

y d , m.3
o= Flelerep)

9

(6.1)

(6.8)13)

(6.9)6)

(6.10)13)
(6.11)14)
(6.12)37)

(4.2)57)

(6.13)13)

(6.14)

(6.15)
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Fig., 6. 12 Effect of transfer numbers_'on diffusion
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Table 8. 1 Basic equations for simulation.

Equation of motion:

= = g(1-Pg/0p) - T-—eZ. Cpi (i=1,B) (8.1)

Drag coefficients:

Cpi/Cpo = fpi * 9p (8.2)
-0.74 -0.2
gp =1/(1+By)0-195¢ 0.74(1+8y) 9 (8.3)15)
Front sphere:
1
fpa= D. 222 _ _q1.40.Re.0-42 (2.27)
B L 7' PA
1T + 0.32(—) + (=)
Da Da
Rear sphere:
1
fpg= — s (2.26)
' , B L TV
o — T+ 1.52 - (=) -+ (=)
Da Da
Heat and Diffusion fluxes:
Nu; /Nug = g(By)+Es ( i= A,B ) (8.4)
0 i '
Shil-ug); /18h{1-u5)1y = g(By) +£;+ (Pu/o ) 1/3 (8.5)
Front sphere:
] .
fa = b. 1-93 _ 3 0-re 0-40 (3.10)
B L 7> PA
1 ¢ 0.67(—) « (=)
Da Da
Rear sphere:
1
fp = p. =021 _ _1.38.Re.-0-26 (3.9)
B L _'° PA
1 +0.67(—) - (=—)
Dp Da
g(B) = 1/{ 0.3 + 0.7( 1 + B )0-88 3 (4.7)13)
Heat and mass balance:
3. 00ve S (1) = (0. - WL
01 PprCpgp(Tpi) = (0 - Wy )( - as ) (8.6)
= 14
. d T .n3
Wy = 350 g°PiPp ) (8.7)
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6) EREEOAZVHREEBOBE. B—RBOBWER
HORORESSUVDBRERLOBEEE2ERT 3 b0, ZRMBERE
NEAR TR IBRNBRORBELRAB R —KL 2,

T) 24203 Y¥Pa-shU0XBMEEEAH LB & 0.
AT EE R ED T s B R — BB OE TRR S LURELH

CHETH» O ERHCTEARAEZ TSI IHLOBEZERRL L,

8) FHEXEHTSH - REBOBEREKE. —20R0E
HERENT 3 REROMBERAR R —R L A,

9) RHEBEHHBEIAAZoORMOBA. UMO T L MEHR
MAELRBZLZOORMABBREL ., COFRBEMR. UHBE.
SESBES XUNBRER L - THBER U 3.
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Nomenclature

coefficient of Egs.(6.3),(6.4) and (6.5)

transfer number for heat
Eq.(6.18)
transfer number for mass

Eq.(4.5)

~coefficient of Egs.(6.3)-and (6.4)

focal distance of bipolar coordinate

total drag coefficient

transfer

transfer

m/s?]
defined by
| (-1
defined by
(-]

[m/s]

(m]

(-]

friction drag coefficient Egs.(2.22) and (2.23) [-]

pressure drag coefficient Egs.(2.20) and (2.21) [-1]

coefficient of Eq.(6.3)

heat capacity at constant pressure

binary diffusion coefficient
diameter of solid sphere
inner diameter of nozzle
diameter of liquid jet
diameter of an optical sensor
operator defined by Eg.(2.2)
function defined by Eq.(4.9)

frequency of vibration

- function of front drop

function of rear drop

function defined by Eq.(2.10)
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[m]
[J/(kg+K)]
(n?/s)
[m]
(m]
(m]
[m]
(-]
(-]
[Hz]
(-]
(-]
(-]



8

"™ a0

g -

ReP

gravitational acceleration [m/52]

function defined by Eq.(8.3) [-]
function of By or By (-]
constant fér outer boundary_ [-1]
constant of calculation or iteration [-]
distance between centers of the two spheres l[m]
distance between surface of the two spheres [m]
_constant of calculation or.iteration [-]
collision distance : {m]
number of mesh point in the n direction ' [-]
constant of calculation or iteration | -]
" number of mesh péint'in theNE direction o | [;]
mass £lux of component A [kg/(m?.s)]
Nusselt number (=qgDp/ K g(Tg-T_)) | (-]
dimensionless pressure at surface of sphere [-1
Peclet number (=Rep,* Sc) [-1
Prandtl number(cpli/ K) ) [-]
static pressure of free stream [Pa]
heat transfer rate (W]
heat flux . ' [W/m?]

dimensionless distance defined by Egs.(2.15.a-c) [-]

dimensional distance from median point connecting

two spheres to outer boundary [m]
Reynolds number defined by Eq.(2.8d) (-1
sphere or drop Reynolds number (=DpU,/V) [~]
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Repp = front sphere or drop Reynéids number (=DAUm/V) [-]
Reppg= solid séhere Reynolds number (=DASUm/v) (-]
Sc = Schmidt n‘umber (=v/ D) ' ' (-]
Sh = Sherwood number ( =NA°DP/(pSQ7s(mS-ww)) ) [-]
T = temperature ' (K]
t = time : [s]
Uw = free stream velocity [m/s]
" = falling velocity e [m/s]
-~ u,, = average liquid velocity in nozzle m/s]
' U = velocity of liquid jet [m/s]
ugg = falling velocity of a single drop at Zp [m/s]
W = mass transfer rate [kg/s]
X = x component of rectangular coordinate " [m]
Y = Yy compénent of rectanguiar coordinate [m]
pA = falling distance of a single drop or sphere [m]
Zp = falling distance of front drop [m].
Zg = falling distance of rear drop [m]

Greek alphabet

A = difference ‘ (-]
€1782= allowable maximum error in the convergence (-]

criterion | (-]
T = vorticity defined by Eg.(2.10) [-1
n = bipolar coordinate, normal to & (-]
S = angle from forward stagnation points
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in the sphere coordinate ‘ [rad]

ec = dimensionless concentration ( =(ws_wm)/(1_ms) ) (-]
K = gas phase thermal conductivity [W/(m+K)]
A = latent heat of vaporizatioﬁ [J/kg]
u = viscosity ' [Pa-s]
v = kingmatic viscosity of gas . [mZ/S]
g = bipolar coordinate, angle [_j
p = density - [kg/m3]
o] = standard deviation . (m]
Ogp = surface tension [kg/sz]
1] = dimensionless stream function [-1
W, = mass fraction of component A [-1]
Subscripts .

A = front sphere ( or drop )

B = rear sphere ( or drop )

G = gas phase

£ = front stagnation point

i = mesh point in n direction, or measuring point

j = mesh point in & direction

ob = observed value

P = liquid drop or sphere

PO = initial condition of drop

S = surface of drop

- 153 -



0 = a single sphere without mass injection
o = free stream

6 = local value in 6 direction

Superscript

k = number of iteration

n. = number of iteration

dimensional quantity

average value
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