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PRINCE OF SONGKLA UNIVERSITY

FACULTY OF ENGINEERING

Final Exam:
Date:
Subject:

Semester I
October 15th

, 2010
230-322 Particle Engineering

Academic year: 2010
Time: 9.00-12.00
Room: S817
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I. ;lelffel1.Jih;-:ll11J~ 4 ;lel i'Um:::~lllf'ilm1J 14 mj'l

v .=r,4"::'~~": J!~ !jI 1!jJ ~4'1"
2. l111JnT:il1V1.JV1Jff~ !~"l 'Vl-:lff'U \llf)':jel'U"ln'UU~f;jfJ1Jffel' J'iJ:::'I1fJ1.JV1J !l1

91 0 , "I ...6 g,I 91
3. 11l1J'U lff1'U l"ff1'U'I1'U-:I'IIelHlelffelUeleJf)\l1f)l1 eJ~ffeJ'IJ

..':'';.1'' "', !II "!II' ... ~.'l' ... Yo4. r;l'VlLI':i:::ff~i'l'iJ~tltlf)'iJlf)'I1tl~fftlUf)el'Ul11J~mllffelU UHltH ).l'Ut'ltlfl1l 30 'Urn !l1Vf)1JeJ'IIeJel'4t1Jl~iJlf)r;l

~1JffeJ1.Jnel'U\l:::qf)'iJlf)~U~
I tJ ~ J

5. !ilfll11J"ntllfftl1.J ~L;llfftl'U~tl~'I1~"nTHOJfJui""l11~~'U

6. ~~t1aU~L;ll,jlV'YJ'iJ~~iUf)l':iffel'U ~11JtI':i~f)1f1i'1W~1f1lm':i1Jf11ff~! 111mJ fit'l1f1'I.J\lIfl'Wntli'V1~'rJ'iJ1\l1
v... d

ua:::'t'tflfll1t'Jtl'U 1 fllflfll1ftfllll

7. i,ruf)fif)lllnl1Jl'Hlth~-:I~tl itlifl;ll'l1'el~ffel'Ui~

0' ~l':il 0' l1U-:lfftl

0' m~"lllA4 0 'Vi'iJU1'4m1J

8. ilfvh;JeJfftl1.J hwH

0' ;jUffe:! (HB ~u'h') 0' ihnm

o ti'1iel-:lfi"tt1'11

o tu "l (LtlOffl':i!Jf)'lfU~)

Question # 1 2 3 4 Total

Total Score 50 45 25 30 150

Score

el.q1i':i':i1J q'll1JtU

~eltlf).fj'tlffelU

2 tl'UVlfJ'U 2553
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• .ok ...1" .191 elf.. .I
1) (50 fl::U\,!\,!) ff1\'!11\'!\I'IJtJ\lm~'IJ1\'!f)1':iFHI~ \l\'!9HlJ\'!~"11J Wet process !'IJ\'!f)l'H~'WlJ slurry \)If)l1WlHlJ\'!~

(Cement rock) 'IJ"n~!Dtmi\'!Jl !~tJU1'1,jf):H)\1 ritJ'Utl'f)W~f)f)H)\I~,,r!~l!~1lr'I1;!lJ\'!~ nll1'U'li,r M\'!;!lJ\'!~

tI"n~16t'" ii'IJm~!ff\'!Fh'Ut:r'U6mmm~1J(D,) = 40 IJ.m fl11lJ!~tfl'Hf)nlJ uPs> = I Un::fl11lJl1'U1U'l1'U\)i\l (pp) =

" ,
3 0 "'i.'!i '" '" , 3'" '"2880 kg/m um 'Il" 'Uf)l'H~'WlJ slurry lJfl11JJl1'Ul!l'U\'! (p) = 9"5 kg/m t111lJl1'U~ (J.l) = 0.85 mPa.s f)l'H~'WlJ

slurry !l~n::f)~ (batch) ~'f)\I1J,jilJl~'j'11.h!tJlJf)·:h 10m
3
!In::1JM'U~ !JJ'U~ l''f)lJn:: 30 l"lJJJ1n

1.1 'IJ'f)M'¥h'Unll1'U~'jllJn::!~tJ"'lJMt1\1f)1'U~Hi'Uf)m~~IJJJ sit rry i\li'Uri1'U'IJ'f)\I'IJ'U1~!ff'UH1'Ut:r'U6nnl\1 7::fi'IJ

rmus 'j~ 'lfiJ~un::'j llJn::161J'lI.yjJJ!~JJ~lJJ'lfihl'IJ'f)\1itl-n~n~ 'U ~hll1'l1\1'IJ'f)\1 i'IJ-nPlf)1'U ~1'U1'UUn::fl11lJf)~1\1
" " .

'lJtJ\I Baffle (Ol1J) l1\1UiJ~~N'l finll1'UPlt117,ji''IJi'hM!l1:J.m fflJ~tlf)l'j~Pl1:Y!l\1
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1.2 l~vilfV'4f11i'l'llV~lhJ~l:IJ'U~lI'111'UllVVv~hnilhH;mHl.l:;~ ,on'U Complete suspension iU~~fl1'U1J:;~V~'I1~'U

1I1Vmll1l~1'jVU (N) vdmrVVl'vhi~~ml:JJI~1':iVU~~flril1~V~i~I1111i'Ufl1':iNn:JJ(tr) lI11djfiltllli~~l'Ui'U

fl1':ifl1'U~v'l.1~:JJl~':i(P/V) l'Vhi~
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".:>1 .. i ' , 91' i" .. ... i P1.3 'Hlfl1Jl',;1tfftHlltU1I'1fl Ufll'n'lUfJlflli'l'N1U sparger fllU~W'JfJ I Ul'lflfl1U tl'lfJftflfll~·N1U Ufll';ifl1UNff1J ( )

ft-3 'IJeJill'l'ilUIll';i1;)fffJU11 fll';i-nUeJlfl1i'1'~1{/~Ill';ilfl1';i1'H~ 175 m
3/h

\l:'lb{/~fln15H1U~-31/i1Jn:1Jlm~fJU~::

tl'iliPl llft:~~Ill';ilfl1';i1'Hftif~lfJfllff~;):tnPlil11:: flooding 'IJi l-3eJlfl1i'1'iuti-3Nff1J'H!eJ 11i
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2) (45 fl:;U'I..I'I..I) lrt~"h slurry ~~,rH'I..I;I1J'I..I~'l.JfH'~I~tJfll'l..lJl~ln.,r~ ~'cll'l..li';'m1J.,r~ 1) 1Jl't1flff~'I.J,;";Wlfll~.:In'J~'Hl'I.J'I.J

Constant pressure 'Il'l..llfll~nl'l..l,r~.:Il.lU,j~m'i ....'I.J';h~fI111J~'Wl um'in'J~.:IfI.:I~ 70 kPa l~nn'J~.:Iii Specific cake

resistance (a) 7,57X 10-
10 m/kg ~hn'J~.:I~l~ ii Filter medium resistance (Rm) 8,53X 10-10 m-' fI111J11'WlIlU'W

l.l'iln{J (Pb) 'Il~.:Il~mtltJnll'cl~I~nll,r.:liiril 2200 une 1840 kg/rn' mm;l~'I.J 111m~nm~.:Iifiiff1J,j~'11i~'I.J~1
, >I ... ~ 9 '" 9>1' 9>1>1 >I >I 0 '14.1..:'

(Incompressible) U'cl~~lnHI.:I1JfI111J~11'W't1l'WL'Wm'in'J~.:IrH't1 'Ill Ll1't11'W L,)('Il~1J'cl'llH~'W ~~'l.JfI1m1J~~ IlJ'W

.. ~ jJ .. .k 0 ~ ..:S Q.I d <dl l..d 'jI 2"~ ~
2.1 11J~ L,)(lfl'i~.:In'J~.:I'If.:lfl11'U'U.:Il'U't1f1111Jfl'UfI.:I't1 70 kPa 1l'cl~1Jfl'U't1'1l~.:I~ln'J~.:I 50 m ~~ l'll.l'i1Jl~'J~~.:I Filtrate

l'¥hlfllrl~H;mI11'Wm'inHH 1 ~111J.:I
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2.2 lflf1ui'uiitl'U '1'lJf11Hil1U'UHU'IJtl~lfl~tl~mtl~~11J;j'tl 2.1 1~fJUi'Ulvi1Jfl111J';'UJ:l~ ''Uf11';jmtl~ l~tlfl1'IJfJ1J

6mlf11';jmtl~fl~~ 1.5X 10-
3

m
3/s 'il~ffl1J1';jfl'tilf11';jmtl~'1~:I~'UI1J:ll1'¥h'~lrltltil'l1'U~~~i'UZY~f11';jmtl~H~

fl111J';'UJ:l~ 70 kPa
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2.3 'HlnHlfl~tJ~n'H)~'Il'U~ Rotary drum filter ~~ViHl'lJ~fl111Jd1l5 ';jtJu~tJ~111J~ ff~ri1'lJl4''lJ~'lJtJ~NlmtJ~~'01J

tJd1'lJ slurry = 0.3 fl111J~'lJCl~1'lJm';jmtJ~fl~~ 70 kPa tlCl~~tJ~m';jMii~mlm';jmtJ~I'Vhnu~mlm';jmtJ~

m~fJl'lJ'lhmClll ~111J~'lJtJ~"h~tJu.fftJ 2.1 'O~~tJ~l~'lJ~' tJ~NlmtJ~..f~'l11J~ (AT) l'vhl~
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3) (25 tl~U'l..l'l..l) 61fi1fl'Qtll'HtJii 650 K fl11lJ~'U 1 atm. (p= 0.965 ~ g/m
3,,u = 32 J..lPa.s, Cp = 1.067 kJ/kg-K lUI::; k =

0.044 W/m
2-K)

i'HIHh'U bed '\J6~ catalyst 'YIHmllJ '\J'Ul~I~'U~h,,1I:r'U6mlNm~fJ 175 J..lm. (fJp= 1750 kg/m') 1M

bed iJf111lJq~ (Lfb) 3 m. fl11lJVi~'U (B) 0.55 ~nm'U::;'\J6~IU~ii~

3.1 fl111J1~11~~ln'U~11l~61fi1flli46',r bed l~lJln~ Fluidizatioi (Umj) iJfill'l'h'~ ~~~tf f111lJ~'UIl~f1~6lJl'l..J~

(Mmj) IIIl::;f111lJVi~'U'\J6~1'l..J~ (emj) iJfill';"~

4. ~ d Cll iI , i/..::t I ~ t d 'j/

3.2 IlJ6IVilJf111lJl'i11'1l'~ln'U'\J6~61fi1fl 'HlJf111'IJ'U 3.5 1'YI1'\J6~jI11lJl'i1~llJ'\J6 3.1 Wall heat transfer coefficient

'i::;'H'h~61fi1fltimnr~'l'i6 (hw) iJfill'1'il'~
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J! iJ QJ .c::I.o=t.

4) (30 fl::IIUU) '\Itlntl1.J'YI~ntl1.Jf111lJ~~~~1.Jmf11tY1m

'lJtl1M''t'il'l.J'¥illfl~tl~'I1lJlfJ 1~n'cllJ 0 'I1~tl mn1.J1'Y1 X 'I1U'ltil~t:1.J~\'ln~tl~1'U.fJtlfitlfJll~'cl~.fJtllflfJ~til~(J1.Jl~fJ1

4.1 ~~1~~iif1111Jll~n~1~ti'U~~'I1'h~nm1~m~mtl~tl'4mfl1'U'h~l~lJ~'U 1I'cl~1'U'lh~ 1n~tlJ~1?

(n) ti~~lm~t1tl'Unl~

('IJ) 'lfi1~'lJtl~nl~

(fl) i{]mfl'IJtl~nl~

(~) f1111J~'U'cl~

(11) \In'tJn.fJtl

4.2 rmnstl~nl~ 1I'IJ1'U'cltlfJln~i'U '1~tlfil~ 'b

(n) tl'4mfl'IJtl~1I~~ '1'11 'cl~l'Ull~'Um tl~~ii~'Yl~'U
d QJdgl~ ,

('IJ) tl'4mfl'IJtl~Il'IJ~\lnnmn1.J~1fJ'If'U cake une 1l~'Umtl~

(fl) tl'4mfl'IJtl~ll~~~n~~ntl'U(Jfiw~l '1 1l~1'1'11'cl~1'U1l~'Umtl~

(~) tl'4mfl'IJtl~II~~ '1'11'cl~l'Ull~'Um tl~~1fJIIH~'U

(11) \In'tJn.fJtl
"' II II

4.3 lfl~tl~m tl~liiif111lJl'I1lJ l~nlJ1urnsm tl~U 1~1.J1Ilnti(Ju11.J 1~1'cl

(n) Bed Filter

('IJ) Plate Filter

(fl) Tray Filte

(~) Shell & Leaf Pressure Filter

(11) \In'tJn.fJtl
. '"

4.4 m~mtl~~1fJti~~ lfl~lif11~ 1~i11J1I1.J1.J1~

(n) Positive displacement pump

('IJ) Centrifugal pump

(fl) Reciprocating pump

(~) Axial flow pump

(11) Radial flow pump

4.5 m~~11i1'Um~~llJ.fJtl1~ '11i'li1fJlvi1J'lh~ff'YI1im'Yl1'Um~mtl, I

(n) 1'W1Jll~~~'U. .
('IJ) 1'W1JllH'I1~'Ul'l11fJ~

(fl) l'WlJllH\1tyqpmtY

(~) lvilJf1111Jl.fJlJ.fJ'U 'lJtl~nl~mtl~

(11) \In'tJn.fJtl
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(n) Vacuum filter

(~) Plate filter

(fl) Tray filter

(~) Tube filter

('II) Nutsche filter

4.7 t:il~~~fil'HH"1Jnl~~iif1111J'I1i1~ \l~fl1'Hii~nH;hJ~~m'Uu' J'I.J'~

(n) ''I.J~~u'I.J'l.Jn1J~ (Anchor)

(~) ''I.J~~U'I.J'l.J'ill'U (Disc flat blade)

(fl) ''I.J~~U'I.J'I.J''I.J'YmJ (Simple paddle)

(~) ''I.J~~1l'I.J'I.J 3''I.J (Three-blade propeller)

('II) 'hiii.u'~ '~\ln~~~

i/9 • i/
4.8 ~~ l~mn1\ln~~~

(n) impeller agitator H; propeller m~F'ln1J'II:::lrl'UU'I.J'I.J radial-flow ,~n'I.J~~~l'Hft1~iif1111J'I1i1~\l~

(~) impeller agitator H; straight-blade turbine m~F'ln LJ'II:::lrl'UU'I.J'I.J axial-flow H;m'U~~~l'Hft1~iif1111J..
'I1'U~\l~

(fl) t:il~~~nnhmm~m'UF'ln1JU'I.J'I.J axial-flow ~V 1~n~11n1J~llft:::l.u'ln'UM~m~H; impeller 'I1U~

pitched-blade turbine

(~) '!.Jn9iihJ1J~~ml'I.J'l.JMii~1'U1'U buffie ''Uf;i~m'Ulv1- n'I.J 10 ~'Ui'!.J

('II) tll~~~~~~m~'~''Um~F'ln1Jnl~''Uf;i~m'U~'Un'I.J 'fU~Uft:::~hU'I1U~~~~ impeller lvh,!'U

4.9 mi1J9i1u'!.J~'1fij9i~I~fJn111'Yl~1~U1Jl'I.J~{ (Froude number, Fr: l~fJ1.u'~~n'I.Jm~f11'U1f.U''Ult~~1~

(n) f1111J'I1'Ul11U'U

(~) m~'I11til~~~~~''I.J~~~'~''Um~m'U~~~l'Hft1

(fl) rrn i'l1ft ''Uvi~
... ... '"

(~) 1'1111J~'Un\l~fJ

('II) \In'¥Jn.u'~

"'., '" i ii/i/4.10 l'Ylln~~ 'U1Jl'I.J~~ (power number) rrumnuenee ~1~1 ~'I.J I~

(n) 'I.J~nii~tll~~~~~1Jm~~{~I~n~1'{~~'II:::'t11,,rlii~n-~F'ln1J~Vl~~~~~m~M

(~) 'I.J~nii~ml1Jl~1\l~1'{~~1Jtll~tl{~ijtld'll:::Hm'Ui~

(1'1) 'l.Jtlnii~f1111J'I1i1~\l~1'{~~~~nl~~1Jtll~~{~ijtld'll:::< ,~m'UM

(~) 'I.J~nii~~'Ul~~~~5~~''I1qj~1'{~~1Jtll~tl{~iitld'll:::' ~m'U i~

('II) i~'l.Jtln~:::i~lftfJ lrJ'Ull~IVlfJ~ml1J9i11ft~if'l1U1fJ ~Un~~ml1Jn1J~'U,r~~~ til~~1Jm~~{ ml1Jl~1.
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4.11 lUff1'Um';jn1U~limHIl~nT:i il1l'11)eJ~ff1'Jijthl';j6iun~~11'ilIOO mllJfflJ,"Ulh~l1':ivm6iun~UlJll.JeJ1

(NRe) nl.Jl'VI111eJ1UlJ11.J61 (Np) lrJUeJ~l~i';j

«» NRe l~lJ Np l~lJ

(1) NRe l~lJ Np l'1~

(1'1) NRe ~~lJ Np tH~

(~) NRe L~lJ Np l~lJll1l1tH~

(\I) NRe l~lJ Np l~lJ\lUii~~~lJ~~~1l1l1~~l'1mH

4.12 ~11l1h 1~~ihJlJH1um';jfHJnlll.Jl.Jf:i~mu~lIffll1m';jlJ

(n) fimlff1U';j~l1':iNmllJtJ11fhu11.Jmu~tlmllJlJ~

Q,I I I I j[, rI Q,I

(1) tlm lff1U';j~l111~mllJlJ~lItllffUN1Uij'UtJnl'1N(1~n'IU

(1'1) fi~';jlff1U';j~l1'il~lffur.h'Uij''U6nl'11~11.Jm'U~6mllJ J~

(~) fi~';j lff1'U'J ~l1'il~fI11lJtJ11nl'U1um'U~tll~'UN1'Uij" 16mmf:i~m'U

(\I) fi~';j lff1'U'J~l1'il~lff'UN1'U~'U6mm1um'U~tll~'UN' l'Uij''U6mmf:i~fi1'U

4.13 'lhln{)m';jw'Vl~iji~I'l1i'Ui1n'O~lfi~~'U1'U';j~uu~'1J';j~nflU~1~1tlmfltl~i'J,rl~

(n) 1)tl~il1l'1-1)tl~il1l'1

d d
(1) 1)tl~ll1)~-1)eJ~ll1)~

(f1) 1)tl~ll~~-1)tl~il1l'1

"'(~) 1)tl~Il1l'11-m'l1

('il) 1)eJ~il1l'1-nl'l1

4.14 ~1~I'lh 1'U~eJ 1~iim{l'U~tl~1)tl~nwul'Vl~ij~i~~IU~ (Fluidize ied) 1J11~~1'U

(n) rr.il.e, nm:hm'YI1'l11lJ!tl'U

(1) 'lh~l1V~'VIli~~l'U

(f1) '1Jl'1tl~.titJ~~

(~) i,j'l111M'lfi~lfftJ~~~

('il) Mixing Index ~~

4.15 ({111~m l'Vl';j~l1'il~thl'1eJnm~Viiin~tl~mllJl~ 1~tl~1)tl~ 'll1l'1n'lltill'1eJnm~Vijj n1)tl~f111lJ~U C'I~ 'VI'lrh~ ~~lii~

'1J';j In{)m';jw'Vl~iji~I'l1~'U til~eJ~fI111l~'U l'1~'O~I'1J~fJ'Ull'1JMtlth ~ 'l';j lrleJll1tJunU'lh~ll.J~tH~
..: .1

(n) 1'VI1l'IJ'U

('IJ) l'1~l'1~

(1'1) i,jl'1J~tJ'Ull'1Jl'1~
, 1''':.l~ •

(~) C'I~MntlUlln11'VI1l'IJ'U l'UI1C'111ltllJ1

• "I '''11' ..:.1... d"l ~
('0) 'YI1'U1V UJ li'U'VI';jl~tll'ilI'VIll~'Ul1';jfJl'1~l'1~n l~


