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l.J'Ylml3J\t Ltlum7L~'\.l.1lnTl~mnnl'iEll.J LL ~-3'IJ El-3 L3J~~-Ul1 Ltl~ Eln 1~ E.ll 'llL 'Ylflitfl~" '5~ t~.nLl.J~ 
'IJ 

1~E.lHL3J~~-Ul1Ltl~Eln ~ui n'IJ. JO ml3JL11,,3JfElu~HElULL~-3 5.25 mls LL,,:;l:Jm7L1E.1U"3J1ElU'VIGt-3 
1 

m7Ell.JLL'IK-3LLGtlnGtl.JmH'l'VI3-ltl7:;mm 80% Elm'VI11:ij,,3J1ElU~~mmLti-3ElElmtiu 3 1::~1.J ~El 70 , 80 
• 'IJ 

LL,,:: 90°C m7Ell.JLL~-3L3J~~-Ul1Ltl~Elnl:J~Elut'IJ~El ml3J'VIU1'lJEl-3Ll.J~tl7::mm 8.5 em -Ul1Ltl~Elnl:J 
,.f ,d. .... • ..f.... ..... I _ 

ml3J'D'uL73JIilU 24.6% wet basIs (wb) ml3J"l5U~~'Yl1E.1 19% wet basIs ~"mWIn'l!fl'V'l1.J11 ~m'VI1J3J 

'IJEl-3"3J1ElU'lJ1L-U1Lfl~El,'jEll.JLL~,'j l:J'5'Yl~~"~El7::E.I::L1"lm7Ell.JLL~-3 flIil71m7,.::L'VImIl LL,,:: ~h 1'll~lE.11u 
m,.,.::L'VImi'l n~11~El ~"::~l.JElm'VI11:ij"3JfElU'lJ1L-U1 70 - 90°C H1::E.I::Ll"lEll.JLL~-3"~<l\!IJln 3.7 n,'j 

• 'IJ 

1.9 min flIil11m1,.::L'VImi'1 3.667 - 6.947 kg water evap/h LL"::fhH~lE.1hm77::L'VImrl"~",'j,;)ln 
1.51 d:Ju 0.84 bahtlkg water evap LL,,::-UEl3J"'IJEl,'jm"'Yl~"El,'jt:lmh3J1Vl,;)1,.ml'V11~'VIi3J~ui L~ElH'lu 

'IJ 'IJ 

nT'i'Y11U1E.1m1Ell.JLL~\!'IJEl\!-U11Ltl~Eln ~U~ n'IJ. JO l~E.lHLLl.Jl.J'ill"El-3'IJEl,'j Page 

*LI .... CLot,ao,...a! VI""LI Go; ~ dca,...J ..... 
71.JIilUUl.Jl.JL3JEllu'Yl 25 lil"lfl3J 2547 LLGl:: b~"1J1J'Ylml3JU1.Jl.JLLn b'IJ L3J EllU'Yl 30 ~'lfl';)mE.lu 2547 • 
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Abstract 

This research revealed the study of a fluidized bed paddy drying system. A hot-air-recycled 
dryer of SO % was employed. Experimental results illustrated that the air-input velocity of 5.25m/s 
induced the fluidize bed. The drying system applied 3 levels of air-input temperature, namely 70 , SO 
and 90°C. For paddy, the bed hight of S.5 cm , with initial moisture content 24.6%, wet basis, the final 
grain moisture content dropped to 19%, wet basis. The experimental results also yielded that the air­
input temperature of drying affected drying time, water evaporation rate and operational cost.· When 
the temperature of drying air increased from 70 to 90°C at final 19% wet basis moisture content, 
drying time reduced from 3.7 to 1.9 minutes, water evaporation rate increased from 3.667 to 6.947 
kg water evap./h and operational cost reduced from 1.51 to 0.S4 baht/kg water evap. From 

experimental data, the relation between moisture ratio (MR) versus drying time (t) and air-input 

temperature (T) were correlated using Page's model. 
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Original manucript submitted: October 25, 2004 and Final manucript received: November 30, 
2004 

( 

c 



209 

o 

U'Yl"'" 
n11~n'l.!l-1f'lru.ll1~L~~~,r11Ltl~€!n1",,1.~~1~1~1'\..1, ""tr\l':ij1n'\..l,1~LLt:l::yhm1~~::€!l~L~~~LLtr1 , .. 

d • :'1 '" • '" • I'" VI" 1 .. :: d 1'" .1 d ,.d VI.I '" VI!'I ... 
':ij\l':ij1LlJ'\..I,~€!\I'\..I,1'lJ11LlJt:l€!n blJ~ln€!nm\l""'\..I,\I 'lH1t:lllJ1::~1ru. 3 C1\1 4 LL~~n€!'\..I,'Yl':ij::L€!l blJLnU n b'\..l,tJ\I , 

:: .r d 1 ~... '" '" . I'" .d '" .. .¥ '" • 1 . d~ .. 
il.1\1 'Yl\I'\..I,L~€! "" b~L~t:l~'lJ11LlJt:l€!n'YlLL""\I LLt:l::~ml~'D''\..I,'lJ€!\lL~t:l~lJ1::mru. 15% wet basIs 'l!\l11in11 

~\ln~11~\lL1J'\..I,,r€!o;ij1n~1wrl1\1tl~~'\..I, ~\l1~~n11~n'l.!l-1n11€!ULL~\lL~~~,r11Ltl~€!n€!cil\1LL~1""t:l1tJ 
" 

t~ tJ Lil. ~1:: n11€!U LL ~\I L~ ~~,r11 L tl~ €!n~l tJ L 'Ylf'lum~ t:l Ei ~ 1~'lfLU ~ 
" 

~n11~n'l.!l-liim~ tJ1nUn11€!ULL ~\lL~~~Yl'D' ~1 m 'Ylf1uf1vlt:lEi~ 1~'lfLU~ t~ tJ Lil. ~l::L~~~Yl'D' 
" L~1'l.!1-~n':ij~~1f1qj 1~LLri ,r11Ltl~€!n Soponronnarit (1994) ~\I~n'l.!l-lLL'\..I,1'Yl1\1n11€!ULL~\I,rl1Ltl~€!n~ltJ 

L'Ylf1uf'lvl t:l Ei~ 1~'lfLU~ LLt:l:: Poomsa-ad (1999) 1<iWin'l.!l-1n11€!ULL~\I,r11 Ltl~ €!n~l tJvlt:lEi~ 1~'lfLU~ 
" " 11~nUn11LnUL~~~,r11Ltl~€!n1'\..1,~5u€!ln1~ LLt:l::n111::1J1tJm1~1€!'\..I,':ij1nL~~~,r11Ltl~€!n '\..I,€!n':ij1n 

,rl1Ltl~€!mL~liJ\I~n11tl1::tJn~ HnUn11€!ULL~\lL~~~'i.h'D'U~~'\..I,") n~~itJ 1~1~~'\..I,~~itJ LLt:l:: n~~ , 
~'YlTItl1::ll1~1 (2545) 1<iWin 'l.!I-l n11o;ij1 t:l €I \I LLt:l::n11'Yl~ t:l €I \I n11€!U LL ~\I~~n LLU1J'lf'\..l,Ul\1~l tJ L 'Ylf'lUf1vl t:l 

" 
Ei~1~'lfLU~ LLt:l:: 11L~1i "'~'Yl€!\1 (2546) 1<iWin'l.!l-1n11€!ULL~\lL~~~n1LLvl~~~lm'Ylf'luf1vlt:lEi~1~'lfLU~ 

" 
1'D'1'\..1,'Ylf ~\l11\1 LLt:l: f'lru.:: (2547.n) 1~~n'l.!l-1n11€!ULL~\li:lntt1~~\I~lm'Ylf1uf'lvlt:lEi~1~'lfLU~ LLt:l:: 

" 
1'D'1'\..1, nf ~\l11\1 LLt:l:: f'l ru.:: (2547 .'lJ) 1<iWin'l.!l-1n11€!ULL ~\lL~~~,r11 t ~~~1 m 'Ylf1Uf'lvlt:lEi~ 1~'lfLU~ L1J'\..I, 

" 

LL3J'-h':ij::~n11~n'l.!l-1n11€!ULL~\I,rl1Ltl~€!n~lmn~€!~~m1 LL'lI,r€!~t:l1",,3JLLt:l::n110'~'\..I,1 
" 

~"" i~0'WITiJ\I L1J'\..I,~\lo;ij1 L1J'\..I, 1 '\..I,n110'~'\..1,1 t~ tJ11 ~'lJ €I \I n11€!U LL ~\I L~ ~~,r11 L tl~ €I n LLUU.ff'\..l,U1\1 t~ tJ Lil. ~1:: 
~~n11€lULL~\lLLuu.ff'\..l,Ul\1'lJ€!\I,rl1Ltl~€!n 1 Wrl1\1 €I ru.""I1:IJ 70 - 90°C ~\lL1J'\..I,n11€!ULL~\l1wrl1\1€!ru.""I1:IJ 

~ cu III 'U 

~1 L Yl €I t:l~n11~ru L~tJf'lru.vi1'Yl1\1 €!l",,11LLt:l::L ~~11m'lJ1 tJ'lJ€!\I'JJ11 LtJ~ €In ~\I,f'\..l,n11~n'l.!l-l'd~\l1~3J\I L'it'\..l, 
CIJ IU q q 

~n'l.!l-lL~ tJ1nUn11€lU LL~\I,rl1 Ltl~ €In t~ tJ 1 iL 'Ylf1Uf'lvlt:l Ei~ 1~'lfLU~ LLUU L1J'\..I,\l1~ LLt:l::""lml~i~0''\..I,f 
" Q 6".K 'io' d 0 .K 'V 

'Yl1\1f'lru.~~1~~1LU €!\I~'\..I, L ~ €!n11'Yl1'\..1,ltJm1~'D''\..I,'lJ €!\ln11€!ULm\l 

n11€!U LL ~\I L~ ~~,r11 Ltl~ €!n~l tJ L 'Ylf'lUf1vl t:l Ei~ 1~'lfL U~ L1J'\..I,n11Llh t'l~1€!'\..I,~.h'\..l,L~ ~~,r11 Ltl~ €I n 
. " 

.d... .¥ d '1"~' .. , 1.1 .¥ , 
'Yl~€!\ln11t'l~m1~'D''\..I, 'l!\I':ij::'Yl1 ""Ln~n11mm'Ylm1m€!'\..I,LLt:l::mm'Ylmt'l ('\..I,JlJ'lJ€!\lml~'D''\..I,) 1::",,11\1 

t'l~1€!'\..I,LL~::L~ ~~,rl1 Ltl~ €In L~€!t'l~1€!'\..I, 1"" t'l ~1'I.U~~~,r11 Ltl~ €In 1tlLL~1':ij::~ €I ru. ""11:IJt'l~t'l\l LL'lI er~11~1'\..1, , " 
.¥ Q.¥ .. i .! d ~ ~.¥ . 

m1~'D'Wil:::L'V'j:lJ'lJ'\..I, (~:lJ'D'1~ ~~I1ru.-1ru.tl'Yl1i, 2540) L:lJ€l~~11ru.1LLIAI'\..I,!J:lJ€lln1IY1i1'\..1, (PsychrometrIc 

Chart) m::1J1'\..1,n11~\ln~11~n11Ltl~tJ'\..I,LLtlt'l\l'lJ€!\lL€!'\..I,"'t'liJ'lJ€!\I€!ln1~.:B'\..I,U€!tJmn ':ij'\..l,3Jn':ij::~~:lJ~n'\..l, , 
-hn11€llJLL~\lLn~;j'\..l,ll1tJ1~m::;m'\..l,m~LEl'\..l,"'t'liJf1\1~ 1'\.l,m~EllJLL~\lb3J~~Yl'l5t~tJ Lil.~l::n1~ 
€!U LL ~\I~l m 'Ylf1Uf'lvl t'l Ei~ 1~'lfLlJ~ dJ'm::;'V'lUllt'l:lJ1El'\..l, ~1 iLL~l iJ\I~ €I ru. ""11:IJ~\I €I ci LLt'l::;ml~.:B'\..I,i:;J0''Ylf 

cu q 'U 'U 'U 

iJ\l13J~\lun ~\I,f'\..l,~\I~n11'I.bL€l1t'l:lJ1€l'\..l,1J1\1~1'\..1,~1iLL~lntrum1'D'1",,3J t~mbm~~:lJnU€!ln1~':ij1n 
" 
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!l1 £JUeJ n bL~1~\!l111 ifeJu,rwilUn\! eJ ru, 'V\l1ii~ ~ eJ\!nTal11m1eJ1J LL i\! 
• 'II 

y.j~\!\!lU't~ 

\!luii £Jd't~ eJeJn LL1J1JLfI~eJ\!eJ1JbL i\! lciw H'L 'Y1f1ii.m<J~a~ 't~..uL1J~ 1 u1:;~1Ji eJ\!U~1J~m1 
'lJ~G'l1~ 'tv·h·'h'lIUl~ 5 kW LiJuLL'V\~\!fhL ii.~m13JfeJu 1 in1JG'l3J'lJ1L ·ly.,.15~'Y1~G'leJ\! H'vr~G'l3JLL1J1JLL 1\!L 'V\~ £J\! • 

d ft '" I 6' Q.I '1.1 t{ '1.1" 
'V\Uf'lU£JnG'l1\!'lJU1~LffU~lf'1U£JnG'l1\! 40 em 'lJ1J~1£J3Jmli1eJ1'lJU11i1 2 bL1\!3J1 m13JL111eJ1J 2,000 rpm 

'II 'II 

LiJW15~~\!G'l3JfeJUL~eJ1,nuieJ\!eJ1JLLi\! ~m1L1£JUG'l3JfeJu~H'LL~1n~1J3J1h1'V\3jU1:;3J1ru, 80% 1U~ I 
• 'II 

,hUU1:;neJ1J~~lflq}'lJeJ\!LfI~eJ\!eJ1JLLi\!~~\!d 
" 1. '1i~~1£Ji.'l3JfeJWY1\!'V\3J~ 8 '1leJ\!'Y11\! 

• 
3. 11Jm1JmJ'nf'l'Y11\!G'l3J (Draft Plate) 8 bLf..lu • 

..::if{ d.rl".c!l 
5. Ln£J1'Y1~1eJ1JLfI1eJ\!lJeJUL3JG'l~y.j'1i 

7. m:;~ eJ1J eJUL3J ~~~'1iL'lY1LfI~EI\!1JElU 
9. 'lJ~G'l1~'ty.jl'h'lJU1~ 5,000 W 

2. V;1Q~G'l3JfElU~ 8 '1lEl\!'Y11\! 

4. ~~U~mH3J~~~'1iElEIn • 
6' ~" "A 

6 .. 3..1 mli1 El1LfI1eJ\!1J ElUL3..Ii.'l~y.j'1i 

8. LfI~EI\!LL£Jnr:Ju (Cyclone) • 
10.3..1 EI Llil eJf~1'V\11Jvr~i.'l3J 

12.'YleJEllmf'lL1£JUn~1J 



l. 

2. 

3. 

4. 

5. 

b~~E.l-J~err~~l-J"J ~hi,'unTl'Yl~~E.l-Jijd1rJ~:::b8rJ~i-J~E.lhjd 
b~~E.l-J3jE.ll~E.lru'V\JllJ'lJE.l-J~:lJfm-b'1fU~ Hot-Wire Anemometer l'11m1:IJtln~E.l-J ± IOC , ~ ~ 

. . ~ 

b~1E.l-Ji-Jt1,1'V\Un l'11m1:IJtln~€l-J ±0.02g 
~ 

d .=& (L.o .1' Q..I Q,..- 6' v, v 

bm€l-J:IJ€ll~m1:IJ'1fUt'1':IJ~'Yl1l'lJ€l..Jb'1m€lU mm1:IJtln<f1€l..J ±2% 
~ 
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<f11T~1\9lm1:IJ:Bub:IJ~\9l'll11bU~ €ln~l rJ1TIn11<f11:IJ:IJ1<f11~lU ASAE (1989 .A) 1\9lrJn11G'f:IJ 
~ , 

il€l~1..Jb:IJ~<f1'll11bU~€ln1u~€l..J€l'lJbb~..J'Yln"J 30 1U1ti ilrJU1:1J1ru 25 g ~1'V\f'lJn11f11WJrul'11m1:IJ:Bu , 
'lJ €l..Jb:IJ ~\9l'll11 bU~ €ln ~ t'1':lJn111 Un11f11U 1 ru'Vl1l'11m1:IJ:Bui..Jd 

M 

M = (min -m f ) xIOO% 
min 

~€l m1:IJ:Buhb:IJ~\9lVl'1f (% wet basis) 

~€l :lJdb'1b1:IJiu'lJ€l-Jb:IJ~\9lVl'1f (g) 

~€l :lJdb'1t'1'\9l'Yl1tJ'lJ€l..Jb:IJ~\9lVl'1f (g) , 

(I) 

~1'V\f'lJ-J1U1itJd Hm1:IJ:Bu1uwu'ltJ m1:IJ;U~n:IJ:lJ1<f11~lub1JrJn (wet basis) b'li€l-J-:U1mlJu 

'V\"btJ~UrJ:lJ1inu1ub~-J~lU'1f6 ~1'V\f'lJn11bU~rJUwu'ltJ-:U1nm1:IJ;U<f11:IJ:IJ1<f1d~lub1JtJn dJUm1:IJ;U . ~ 

M 
M =--

d (1- M) 
(2) 
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dM = -k(M-M ) 
dt eq 

(3) 

b~mll'\1\'U.tm1e]'ul'lJ'Yl1.Jflrntilf'll~tilf ~~ml::b'4:IJ~U M(O) = Min bb~:: ~n~11~ G) M(t) = M 

1~!.Jr'h'\l\'U.~1~ 

(4) 

MR = exp(- kt) (5) 

MR 
A X ~.... r:t A • 

f1E1 ml:IJ'l5Ubd:IJtilUL:IJ~~V1'l5 (% wet basIs) 

M A ~ " A 1 . flEi flll:IJ'l5U'lJEI\lb:IJ~~V1'l5 rn nt'll <n G) (% wet basIs) 
A ~ ~ A . 
f1E1 ml:IJ'l5U~:IJ<nt'lb:IJt'ltilV1'l5 (% wet baSIS) , 
~E1 n~l~H'lumdEl1Jbb~.J (min) 

k 
A I ~ 0 

f1E1 mfl.J'Y1'lJEI.JLb1J1J"ill~E1.J 

uElmlndbb~liJ.J V11J':11 Page (1949) 1~~~U1bb1J1J"iil~E1.J'Yl1.Jflrntilf'll~til-fl~!.J~~Ul"illn 
~:lJmd (3) ~.Jiid'l.Jbb1J1Ji.J~:lJmd~ (4) 1~!.J~ x bb~:: y ~E1 fllf1.J~'lJEI.J~:lJmd bb~:: t ~E1 n~l~Hlu 

'lJ 

MR = exp(-xt Y) (6) 

(7) 

c 
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t~rJfilml3J.:ffuLUJ~~~f11Ulrul~il'V\'U'HHtJ1-UJl(j]d~lUbb~\I riElmbhhb'YlUfh1u~3Jn1d (4) 

~El\lbtJ~rJU~UlmtJU3J1(j]d~lUbtJrJnriElU ~1~1lJ RH ~El ml3J.:ffui3Jvr'Ylls:"lJEl\l~3JfElU T ~El Elru~Jl:iJ 
• ~ q ~ 

"lJEl\l~3JfElU CC) ~lUfilfl\l~'lJEl\lb3J~~il1btJ~Eln K,C bb~::: N ilfilb'Yl1nlJ 1.9187x10-5 ,2.4451 

bb~::: 51.161 m3J~l~lJ 

n1dEllJbb~\lb3J~~il1btJ~Eln vru1f~~mn~El n'll. 10 (il1bWu'rJl) ml3Jb11~3JfElU~HEllJbb~\I , 
5.25 m/~ (btJufilml3Jb11~3JfElUbU~rJ ru ~lU~~3J ~\ldtJ~ 1 EltJmru~3J1m~"lJ 2 ~\ll~~lrJ Hot-

'\J , 

Wire Anemometer filml3Jnn~El\l ±2%) iln1dblrJU~3JfElu~~\ln1dEllJbb~\lbb~ln~lJ3J1H'l~6J 80% 
'\J 

Elru~Jl:iJ~3JfElU~~mmb1.l\lElElmtJu 3 d:::~lJ ~El 70 , 80 bb~::: 90°C n1dEllJbb~\lb3J~(j]il1btJ~Elnil 
, '\J 

,,/ VI .. 01 " 0 I"''' ..t ~ "01 
b\lElU b"lJ flEl ml3J~Ul'lJEl\lblJ~1Jd:::3J1ru 8.5 em "lJl1b1J~Eln3Jml3J'1iUbd3J(j]U1Jd:::3Jlru 25% wet basis 

n1d'Yl~~El\l":ij:::~hbitUn1d 3 'lh d:::rJ:::bl~11Un1dEllJbb~\I 10 min n1d~lfilml3J.:ffu1ub3J~~il1btJ~ElmJ::: 
H1TImd(j]13J3J1(j]d~lU ASAE (1989) .... 

,I::!I "d A oa.- X q I IV "" "".d Q ~ 
n~11flEl 'YlElru~Jl3J~3JdElU~\ln1d~~~\I'lJEl\lml3J'1iUmJ:::3J1nmlmdEllJbb~\I~lrJ~3JdElU'YlElru~Jl3J(j]l 

'I 'U 'U q cu 

:) md'Yl~~El\ll~~lbitumd 3 'lh '\AllJllbbc,;\~:::-l1"<ij:::il'\Alb]~md3Jn1d~~ml3J.:ffultJ1ubbUl'Yl1\1b~rJlnu 
Yi":ijldrul~d:::~lJml3J.:ffu~~'(h.JlaJ~lnll 19% wet basis b~El~~m~rJ\lbaJliil1bb(j]n~n3Jlmbiil:::Ell"'iJ , 
~rub~mIlmrn1ub~\I'\Allru'1itf (~3J'1il~ t~Jlrudrub]'Ylt, 2540) iEl3J~":ijlnmdl..ijrJflf\ld'\AllJll H cu III . cu 

d:::rJ:::bl~11umdEllJbbi\l~~~\I":ijln 3.7 - 1.9 min 5(j]dln1n:::mm.tl 3.667 - 6.947 kg water evap /h 

bb~:::filH"ihrJ1umdd:::b~m.tl~~~\I"<ijln 1.51 - 0.84 baht/kg water evap brlm~3JElru~Jl:iJ'lJEl\l~3JfElu'lJl 
, '\J 
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25 '" • 70 C ex1 
• ~ .80 C ex1 

23 '11 ... 90 C ex 1 II 70 Cex2 

~ 21 i !., ! ~g 8~~~ 
j 19 i ... *c.. + 70 Cex3 
'1 1 = =* ~~ - 80 C ex3 

]i 171 ·.t~'*. 90 Cex3 

8 15 1 ~I\. -t-~4' 
<ll 13 I , f .... ~t 

~ 1~ ll~ f~&oik II 
"'!.l 

7· 

5 --·~--~--T-- --, 

o 2 4 ·6 8 10 12 
Drying time (min) 

ti d .,., "/'" ~ .. 
'j 't1 2 mml1€JWLVlJ'lJTJLlJCl€Jn WI-Hi n'lJ. l() 
u • 

~~nT~'YlIil~El\l1~nnlhlJ1v\lml~~~~~\.j,fdj€l\l~'U 'l::W:ll\1ei<;1'llnTHl<;1ml~~'U (MR) n1J 
~ . 

'l::£J::L 1~1~h1 'Un1'l€l1JLL'iK\I (t) ~\I~mLn'Ui\lLL~::LLn'U'U€l'Um~~li1Jh'll.l~ 2 LL~::€lrnv\l1ii~~1€l'U'lJl 
~ ,~ 

L'JJ1'iK€l\l€l1JLL'iK\I (T) 11il£Jhi"'ll.lLL1J1J~~n1'l'lJ€l\l Page (1949) L~€l~h x LL~:: y ;]'U€lcin1J€lrnv\l1ii'lJ€l\l~~ 
'U \I ~ '\I 

1€l'U'lJ1L"JJl (T) 11il£J~V\~~-w'Ufi\ln~11€lci1'U'l1.l'lJ€l\l~~n1'li\ld 
~ ~ 

MR = exp(-xt Y) (8) 

x = 0.75274302-0.01786604T+0.00012232T 2 (9) 

y = -3.46381096+ 0.1 0603056T - 0.00062765T 2 (10) 

c 
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ml~~'\.1,'JhmJ~an ml~~wllTdbtJ~an ml~~WllT"HtJ~an 
" . " . " . 

(%wb.) ·.thY; I (%wb.) 'hy; 2 (%wb.) 'hy; 3 
d d d d d d d d 

Time 'YI 'YI 'YI 'YI 'YI 'YI 'YI 'YI 

(min) 700e 800e 900e 700e 800e 900e ~ 700e 800e 900e 
0.0 24.6 24.3 24.1 24.9 24.8 24.0 24.7 24.3 24.1 

0.5 23.2 22.8 23.1 23.9 23.4 22.3 23.2 23.5 22.8 

1.0 22.3 21.8 21.5 22.7 22.2 21.6 22.5 21.6 21.3 

1.5 21.0 21.2 19.8 21.4 21.6 19.6 21.5 20.7 20.3 

2.0 20.5 19.8 18.3 20.7 20.6 18.3 20.2 20.2 18.7 

2.5 20.0 19.2 18.0 20.1 19.5 17.2 19.6 19.5 17.8 

3.0 19.7 18.1 17.1 19.5 18.69 16.5 19.2 18.3 17.2 

3.5 19.3 17.2 16.2 18.9 17.8 15.7 18.9 17.6 15.3 

4.0 18.4 16.9 14.8 18.4 16.6 15.3 18.7 16.6 14.9 

4.5 18.2 15.8 14.6 17.7 16.4 14.6 17.6 15.5 14.8 

5.0 17.3 15.3 13.5 17.6 15.6 13.8 16.9 15.4 13.5 

5.5 17.2 14.6 12.1 16.8 15.3 12.8 17.0 15.2 12.7 

6.0 16.6 14.4 12.0 16.3 14.4 12.4 16.3 13.9 12.1 

6.5 16.1 13.7 10.8 15.9 14.0 11.2 16.5 13.6 11.6 

7.0 15.5 13.0 10.4 15.7 13.0 10.5 15.0 12.8 10.0 

7.5 14.7 12.2 10.5 14.8 12.6 10.4 14.5 12.2 9.8 

8.0 14.2 11.4 9.7 14.7 11.6 9.7 14.8 11.9 9.8 

8.5 14.0 11.3 8.5 14.0 11.4 9.5 13.9 1l.1 9.4 

9.0 13.5 10.4 8.9 14.0 1l.0 8.8 13.2 10.7 8.1 

9.5 13.4 10.3 8.4 13.4 10.3 8.4 13.0 1l.0 8.0 
( ) 10.0 12.7 10.1 7.9 13.2 10.1 8.3 12.8 10.5 7.7 
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