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ABSTRACT. An experimental study has been performed in order to 
measure drops in static pressure across columns of barley grain. It was 
designed to determine the effect of grain moisture content, grain depth, 
flow rate and bin diameter on resistance to airflow. Airflow ranging 

2from 0.1 to 0.7 m3 s-1 m- , moisture content levels of 8, 15, 17 and 
21.7% (wet basis), bed depths of 31, 62, 93 and 124 cm and bin 
diameter of 15.24, 20.32 and 25.4 em. Airflow resistance was 
accurately described by the well known Shedd's equation. Resistance 
to airflow decreased with increased grain moisture content and 
decreased airflow rate and bed depths. The airflow resistance increases 
as the decrease of the bin diameter especially at high grain moisture 
content. 

* On leave from Faculty of Engineering, Alexandria University, Alex., Egypt 

223 



224 Static Pressure Drop Through Barley Grain 

References 

ASAE (1992a) ASAE D 272.2. Resistance to airflow of grains, seeds, other agricultural products , 
and perforated metal sheets. In ASAE Standards, 387 - 391, SI. Joseph, MI: ASAE. 

Bern, C.J. and Charity, L.F. (1975) Airflow resistance characteristics of corn as influenced by 
bulk density. ASAE, paper No. 75-3510, St Joseph, MI. 

Bern, C.J., Hurburgh, C.R. and Wilcke, C.K. (1987) Fan and airflow. Unpublished course ma­
terials . Iowa State University, Agricultural Engineering, Ames . 

Grama, S.N., Bern, C.G. and Hurburgh, C.R. (1984) Airflow resistance of mixtures of shelled 
corn and fines. Trans. afASAE, 27(1): 268-272. 

Gunasekaran, S. and Jackson, C.Y. (1988) Resistance to airflow of grain sorghum. Trans. af 
ASAE, 31(4): 1237-1240. 

Haque, E., Ahmed, Y.N. and Deyoe, C.W. (1982) Static pressure drop in a fixed bed of grains as 
affected by grain moisture content. Trans. afASAE, 24(4): 1095-1098. 

Hukill, W.V. and Ives, N.C. (1955) Radial airflow resistance of grain, Agricultural Engineering, 
35: 332-335. 

Jayas, D.S., Sokhansanj, S., Moysey, E.B. and Barber, E.M. (1987) The effect of airflow direc­
tion on the resistance of co nola (rapseed) to airflow. Can. Agric. Eng. 29(2): 189-192. 

Kumar, A. and Muir, W.E. (1986) Airflow resistance of wheat and barley as affected by airflow 
direction, filling method and dockage. Trans. afASAE, 29(5): 1423-1426. 

Olesen, H.T. (1987) Grain Drying, I.D.E. ApS, Thisted, Denmark, p. D3, Appendix D. 

SAS (1982) SAS Users' Guide: Statistics . Statistical Analysis Systems, Inc. Cary. NC. 

Shedd, C.K. (1953) Resistance of grains and seeds to airflow, Agricultural Engineering, 34(9): 
616-619. 

Siebenmorgen, T.J. and Jindal, V.K. (1987) Airflow resistance of rough rice as affected by mois­
ture content, fines concentration and bulk density. Trans afASAE, 30(4): 1138-1143 . 

(Received 23/09/1996; 
in revised farm 20/06/1997) 



S.A.Al-Yahya and H.M.M.Moghazi 225 

..L9j . 4J '-IL...:lI.k.....pl..L>.ij uly:-dl oh 0A ~ j5J uly--O 0~ 

: ~l;jl ~L::JI ,)1 J.oy:J1 ~i 

o~l.Jj e ~\~~IJ~ 0A ~~ J)\>. ~I~\ 04r-" :i...ojlL.o-' 

.J~V1\~ 

. .J '-1..,1)1 tS~1 ~L:.; e ~IJ~~ 04y-l14..0jlAA ~I;:; - r 

~ ~L>j~~I~ ~L:.;e ~I.rl\ 04y-" ~jLU ~I~-i 

. ~~ '-1..,1.; tS~ u L...,:...­

~..tZJ~ 

~~ , L?~I ~I~ 0~~1 jSyl ~~ 0UJyl i..lA..:; 

. ~\.;..ll\ oh J:~ ~~~\ ~rl\ ~\, (~\ t)) ~~ 81l\ 

i I q q 1 /- q / rr: ~/(>!.;.-,j&-I{; 

. i I qqv / - 1 / r - : .r:J.l";~/ •.)/~1&-I{; 

-r't­



226 Static Pressure Drop Through Barley Grain 

Q ~\ . 110L J~ M k..,aJ\ . ...LA...2J\. ij~\ f \('~.'A.J-tr-'~.r"..J <-I ~ u-''''"'' ~ 

(Me) '-1-,.,1) <S~~ (t"'" "0 ~ " • ~ \ 0 =D) w y.a-U ~ )1';')1 

) ..6.;\ y--;:-N 0\ 1i>-} ..L9..J. ~rJ\ ~ /" \ , V ~ \ V ~ \ 0 ~ Al:?..JL.: 

~,.,1) <S~~ ~\*\ 0~.r" ~..JLU ~ .?~..;-:;G .J ~~y.aJ\ 

(\ Q.AV) Bern et al. ~~ e ~;U;~\ oh..J. (/\ 0 ~ /A) ~ 

.r.S1~..J~ ~y...J 1i>-}..Lij \h e..J· O)jJ\ J~~ <L:..-w\)~ J 
~,.,1) <S~ ~..J (t"'" \ 0 = D) w.,.....all ~ ybj ~ ~\y+l\ 04~ 

o)~ ~\r 04.r" J.M.4 )yi ~ JL:1\ ~~. C!" \ , V ~ \ V) JLY 
~\ J ..lA.jJ\ 0\ ~ /\ V ~,.,1) <S~ ~..J 0 j'fi jii • , " 

.1:~ t""'". ;,....; ~..J i jJ~~ f o· r r-"" 0 ybj ~~~')1\ 
\ .. J1J ;; al\~r-" \ 0 ,.,.b-9~..JijJLS:.....~ 00· JIJ ;; all 

JJl>-Q ~1*10-"~J~)y-4i~6,j~o~~lh..J' ijJ~~ 

Ih ~~,?...J ~y-aJ1 ybj ~\:.j e .1:1;:; ~Iy+ll ~.r-" ~'(j ~y.aJ1 

. ~t.::...:')11 k..,aJ1 J J.QAJI J o~Lj ~ 0-"..J ~I*I 04.r" 4.....JLQ..., J o~Lj 

~')'.J...I 

~ ~~')11 k..,aJ1 ~ ..lQ.jj1 .1:~ .; ) <U'-A '-:')\.f- ~1~1 r-i 
J~ J 0 j'fi jii • ,V Jl · , \ 0-" C}I? J~ ~1y+l104..r"" 

A 0-" ~..JI; ~~,.,1)1 <S~u4~ ~) ~I)~ -.:..1 . ~I 

tP ~Jl~i~) 4.......,1)~ -.:..1lS ~ (~) (..)"LJ~) /, \ ,V Jl 
~ )\.1ji o~..J (t"'" \ " f ~ Q.l ~ \" ~ 1\ ) el~1 J J~I 
~)_::.~I oh ~.r.i J..j..J. (t"'" " 0 , f ~ "', ," ~ \ 0 , " 0 ~.,.....all 



S.A.Al -Yahya and H.M.M.Moghazi 227 

• 


l.A.r.;'JfS~ 

,..,; ,.. 
/' 

0.1 
100 1000 

• 
~•

• ~ 
ClI 

.:t 
~\ 
!i: 

0.1 

/. \·~y.JlJji:I.. 

..,,~~ 
V ~... 

100 1~ 

I, 
.;]'., 
~ 
ClI 

.:t 
;\ 

1. IV "'~J<J""" 

~~ 
I--' I r'

I !f 
o. 1 

100 1~ 

: I, 
.,l) 

~ 
ClI 

.:t 
;\ 
!f 

0.1 

t. tl,V<.f.jJlJIJ~ 

...-' .:;;­

;00 1~ 

I (~/J~l:a)~~I.Ic:>.i...:. 

\-0 0 -- 0=15.24em --- =20.32 em =25.4 eml 

~~\J~ JJl>. "'\J+ll0~.,-J\ ~Jlio ~~~\..,w~t;. t~• 
. (r--" = tJl\~)~yk)\LS~~":;"~

! 
-n'­



228 Static Pressure Drop Through Barley Grain 

......... 

----­
~~~ I ,...,.'YU-U'~

L r--­

-~~ 
;::-c 

0.1 

1000 lE4 

}. 
-:::> 

1; 
~ 

Ol 
~

,1, 
S--.1, 
>­-4J 
'--' 

0.1 
1000 lE4 

,...,.\yt U-U'~ r 
.-': 

../~ 
.. 

~ / 
:7 

1-.- M.e. =8% ..Me =15%.....Me =17%...Me =21.7%1 



- ---------~-

229 S.A.AI-Yahya and H.M.M.Moghazi 

R2 b a ~.Jb,}I~~1 

% 

~I~ 

(rw) 

• , o.A" 

• , o.Ao 

• , o.A i 

• , o.A t 

• , to. 0. 

• , to.· 

• , tAA 

• , tA "\ 

I"-"xv , 0. 

1"-"xA,t 

y-,.x','" 

I"-,.xo.,o 

A 

, 0 

'v 

n ,v 

'H 

• ,00AV 

• ,00AO 

• , 0. 0. , 

• , 0. t • 

• , tAO 

• , tA "\ 

• , 0 • , 

• ,0' " 

1"-,. x t,o.A 

1"-,. x t,iA 

I"-,.xt,"\ 

o,v 

A 

, 0 

, V 

n ,v 

,n 

~~-L~I ~L:JI ~ ~I ~L1:JI ~ JJ..; It u'1LJ-I ~~ • , ,\A r 
~ ..l9WI 0i ~JG~ i ~JlyhJ~.J' n ~.)~) Shedd ~.)~.J 

~~~~ Ih.J -.r.~)1 tS~1 ~L; t: J..;1?.k..;. AJI 

Siebenmorgen and Jindal.J n '\Ai ) Grama et aI.)(\ ,\A r) Haque et aI. 

~~ JL:l.I ~~. (' '\AA) Gunasekaran and Jackson.J (' ,\AV) 

.b; AJ\ ~ ..LL.ctl10i ~~ , 0 ~.raJI?.J ~ '\ r = J~\~ 

i IJIS.-~ r Ao, y. Q I"i Iii ., i o)~ l>1y. 0~~ J,WI ~t.:..:'jl 

tS~~ i IJIS.-~ , A 0 • Jl.Li.QJ1 ~b...J '/A '-I~J tS~~ 

,/r, ,V l/~J 

-'1"'­



230 Static Pressure Drop Through Barley Grain 

~I 0i ~ " ~ 0-") ~ i / J~~ 00 A <.?)L; 0) dj.:l~ 0-" ~I 

~ ~ ~ • '-:I" / \ V -1;'.J tS~~) r-"" "'" ~ ,\ ~ J L.~.\r dl:LA1 

A,· ~ "". bY 0~ /"\, V -1y-1.J tS~~)· i/J~~ VV· 

J~ J>-I.:l ~0) dj.:l~ 0-" ~ ~.~ u~10i.J-f. JL:.l~). i / J~~ 

. ~1.J...u1 o..u ~L::.; 

-1;'.J tS~...l:..Y ~ Olesen u~ L ~I ~L::.; 4.;.JlAJ;) 

~~~I '-I~)1 tSy--:J1 u4~ ..l>-i 0-" ~)~ '-:1") /"" , ~ 
o)...lio h..a.ll ~ ..ill ~ Olesen u~ 0i .J-f. (/" \ , V) ~11..u 

0i U;>- ~ ~ /r i /'ii', ". o)...lio ¥I~ 04r JJ..,v, ~ i / J~~ A \ 0 

/ n V 1- . c ~ ~ h..a.ll j \..ill L_:" l<"~.. U,lA1l ~I , -1r.J~~ ~ ~ t....r"'-"-"'lr. ~ 

<.?)L; J~~J~i~ i /J~~ \ ,. · ~ A,· ~ "" · o)...LA....o 

~ .:r" ~ ~.~ U~I 0i .J-f. 1-4:). 0 rJl ~ r ~ ,~ ," ~ ,\ 
~L::.; ~Iy tS...u. ~I~) . ~11..u ~L:...; J~ J>-b ~ Olesen 

. Olesen·L::.; ~Ir:: L . 

tiy ~ ¥I~I 04r ~)~~ -I;')1 tS~1 ~'(j 0~'1) 

~ k5 4~~~:'.)~) o.J.J4' J ¥1~104r JJ..,v,) h..a.ll ~ ..tiwl ul;~ 

~ ;jyWl o..u ~ 01 ~)l,..J' r \" ~)'" ~ J~'1'~.J ~ 
...LJ). (\ ~o,) Shedd 4.h.....ly: ~I~I~~~) ~;j~ 

~I~I~>il~~ (\)~.J dj.:lwl L 4.;.J~ ul;L:-:JI~) 

~.J J)J.J:.I ~Y..J· (\ ~A ") SAS ~Iy! ~~~ .:l~'J~)...l>.,jyU 

~ -1;')1 tSyJl) ulll J~'1 ~~ dl: lA11 a,b u~WI ~ (\ ) 

0-" ?i ~ 01 u.1;:-)) dl:lA11 R2 .bL;.;.J'J1 ~~~ J)J.J:.I ~Y.. W' 

-'1'4,­



S.A.AI-Yahya and H.M.M.Moghazi 23 1 

-
}. 

'. ",,"~JIS;-' 

:) 0.11.......__"-1.-._......._.l.-...J......J-...J.....L..J...... 
1000 1E4 

~__--L__I...---L---l--l--J.-1-~
;r 0.1 

1000 1 E4 

0.1'-----.l.--..... ­ ................................., 
1000 1E4 

-:2... 

(~/ J~L;» ..r::'u...I.b.i.....:. 


l---d =31cm -.- d = 62cm_d =93cm-.-d =124cml 


u~~~I J~ J)\.>. ~L:..:~ \..l~.Aj1 ~ ull l ~ .,.;t-. yJ->-:. 

..;..,1)ILS~~ 

-TA­



232 Static Pressure Drop Through Barley Grain 

u G..:...iJ I0:!.J ~ J .;JIh. .a..11 if~ ~ ~)UI.I ifL...,ts ..b; ,0 II if l::-9 

Jld-I ~.J' YI~I J.9J.j J.h.A :.r ~~ J- lAyL.u -;JI lS~'j1 

~~I ..:.j.J JI.,1 A...::U ~.,1)1 lS~1 ~~ j;lJ.I ~I :.r <\.i~ 
ul~ 0JG ~~ J5 o.)Ls.l d IltJ.J ~~I ylr.U J.JI..l:JI ~~ 

. 4J L pl.l>-i.J 

~Wl:1\J yl::j\
~ 

0~r"" J~.J M h. ~I ~ .DUll 0:! uuJl,JI 't ~) ~~ 

~.,1) lS~.J r-"" ' 0 = D 6..-0~ )UJ Q ul>-LlI o..L:>-.J JJ\>. YI~I 

~ l' = d ) ~\ t,)ll Jwi ~ ~~.J f n , V ~ 'V ~ , 0 ~ A <-?.J~ 

r~~ IJ.:I; ~I~..b; .all ~ .DUll 0i b.>-).D.J. (r-"'" 't f ~ ~1 ~ '\ 't 

:.r J5 ~i dl~ b.>-~ .D.J. Q ~ uL; ~ dl~.J t,)ll ~ o.)Lj L 

(' ~AV) Jayas et al. ~ j-;-..olJI :.r' c:yi o..w a.:........1).) ~ (, ~ 01) Shedd 

~ n ~AA) Gunasekaran and Jackson.J ~ ~I.J ~IJ~~ 

Jl '\'t :.r:\........oy--.a-lI~wL,a....0LJL1I~~. j;'jIJ~ 

~ J.AAJI ~.JtA.,o 0i ~ 0 Ir iiii·' 1· )..w: YI~10~r ~ r-"" ' 't f 

~ i IJ~~ 1· • • Jl i IJ~~ 't • • • :.r J.:I~ ~L::-:'jl h. ,oil 

YI~I:.r ~ 4S C!.) ~ ~'j w~ ~loh.J' fA ~.,1) lS~ 
~ YI~I 0~r ~.JtA.,o u.)1j J~I~~ 0.)\.0 L.J ~y.aJI JJ\>. 

. ~~,),I 1u...aJ1 ~ J.AAJ\ o.)Lj ~:.r.J ~y;J-I L !J~,),I 

~.J.f. 0 :;..b~) Hukill and rYeS ~.b~ L ~I ~L:; ~}.il:.J 


M ~ 0i 0 Ir i Iii · , 't. o)..u.a Q ylr 0~r J~~ JL11 ~ 


-y.v­



S.A.Al- Yahya and H.M.M.Moghazi 233 

~,,1)I~~1 

(Me) ~y1.J tS~ 4:...0 jSJJ ~I Lr' u~~~)~~ 
I'-I.r,i J:.J a\)J (~.J \.Y'L..i~) 'j,~, ,y, ,y, , 0, A: ' .; 1- >c­

~ JjWI ~~y1)1 tSy-:.JI ~t; ~1.J..ll ~L... ~ i JI~ ~.J~I 

~J~r~- tl',)ii -11~~IJlI'-UI~.J~JjJ' b..- .ali 

o..u~~~~i~u~lo~~J~~}.hiI~y1)ltS~1 
tS.r-JI.J..l9..l9J, ~~ jSJ ~,y1.J 01;i ":';J~ ~ -.fJ J.>-IJ i Y.. 

~ ~ -1:-1, ASEA Standard 352.2) 0~I ~> il..G....:..,.,~ ~~y1)1 

~IJ~UL:5 \.Y'~~LS, (\, ~~~, ~I.J)I~~~~~I 

, Y' A, Y~ 0 ~ ~l.Q11 ~k:_";l5J ~y1.J tS~ J5 ..A.:.&- i...G....::.....I 

j ~, , y, ,y, , 0 , A o)J..i.o ~y1.J tS~ ..A.:.&- i i / ~ 'IA'I , y. • 

,~?I~ 

: ~1~1~)J1 

Shedd Lr' ~fAI")--1 vU1~> il..G....:..,.,~ ~~I ~I~i)lo ~ 


Lr' ~,r.--=ll Jljl~J' ~ ~y1.J tS~ jSJ ~)J , ~ 0,", ~~ 


c!.J oLYI,r ~ ~I~~I J>-b ~y.-:ll ~~~~:J..:. ~ J")l> 


vU1~ J1J,.,-.o)I..A.:.&-. ~I~~I I'-~I ~ i..lA.i ~ ~..J..0 ~I 


Jw\ ~) ~I.J,) d , ~ I'-Ir ~ )y4U ~J)I ~~~}.hil 


~I~~I Jl u\';I~~1 ~W~ (r-'" ~ i , ~ ,"" 'I ~ , '"" ) tsL-U ~ 


J..w~~~~J~y1.JtS~J.5~I.J,)d..l9J' ~~I 


~ J."i il..L>...:....,1 ~ - 'I'-?'-~i? · ,Y Jl' , , -:ro (.JI"':; I'-I~I J.9..0 


-'fi ­

http:tS.r-JI.J..l9
http:tSy-:.JI


234 Static Pressure Drop Through Barley Grain 

c)L.a> "\ , A) u I.J» 0 <I..iJ -l9 '-f'..;-4 .!J~ )...\,j 6..:>-.J.r. ."U..,a...::..o (4.....,.0..Y. 

0~r-" J~ ~~i~ oJ.)-"lll Jy ...I.;:-Y..J· uLv~I~~ 

Jy.Jr i~ ~i)luGI~~I).b:-Jyu~~~. ~I~I 

~I .b:-Y.J (, ~ JL..Yi Jy .6....aJ1 ifL;AJ ~ i' ~)...Lio ul9L­

~Gi~~. ~I~I ~~ w Jyi if ~ 0 ;j~ Jy J;~I 

~L:l ~ if~1 uL.::.....:j ~~ 0 J~.J r i ~ ifWI if o~ 

J~il~~ ~I~I ~~..wj~1 y-:-:...:>-i. uGI~~I)~ 

C/:LI.J j.>1..ll1 ifj~1 ~~ ~. JLS:...,~» ' - .h..o ~.J 0y L.aJ1 

~~. ~I~~~~ L?i 2 ~I if ~~ .r-I..JI if ~ 
~~ /"\0.J i·i- ~u~1 j.>b ~I~ ~I d.:y1)I.J o)~1 ~J~ 

..u.J. ~Iy'> ~ O..t>-Y. ~L-:....,'j~ d.:..rf L?i ~I.r.l ~ ~?I Jy 

-;JlyIb)1 .A;..8-1 oJ.)-"lo ~ Jll i ~I-*I ~r' if~ ~J if~i~1 

~J if~ il~~ ~~.J ~\~I r::i-~ Jl6..:>-.J)1 if ~I~I y:; 
(Velocicalc model 8360, TSI Incorporated, Shoreview, MN, USA) jI..r--1 
4......L..>-~ Jy L?~ '-f'.~ ,.. ;. ; il~1 Jy ifL;-a1 ~..J 

~r-" ~~I~I ~1..l..Al 0J.)-"lo ~~~~ ~L>-~1~..J U:.~I ifL;.AJ 

~ Jlli ~I~I ~I..,.>- if~ ~ -l9.J. o~~ 0~y--l\ J~.J ~1~10~r-" 

~)I o})-I ~J~.J (, i·i' , Y u~1 o)~1 ~LS.J y1b)\ .A;..l.J-\ oJy-"lo 

L?)~I LSy.1 I.J ~Iy'> ~ /~lo ~ - , - - "\0 Ulhil d.:y1)I.J i·' Y, "\ 

.1~lifl::-9~4i)'~'~\i~W" ~Iy'>~ /Jy:-.!J 0." ~I~ 
W :11.1 ·:...:..11 U..l. JLS:...,L . .!J ul..l:>- ~. w: II .1:.. :..11. .r-' ~ if . .J . y. V::: • .r-'~.J 

J)l>.. UI II .•L::.q I ,.. •• ~I·L \II I..t>- I,. ·.L::·,if if. i".$'~ ~ r...r.:--Y ~ ~ J . ~~ v::: 
. 0)I~JI-)lif~~i 

-,\,0­



235 S.A.AI-Yahya and H.M.M.Moghazi 

33 em 

H 
33 em 

33 em 

33 em 

15em 

AB 

. .;..l&..,,-llo.)J.....:.,. ~Jr (A) 

. ~rt........ (B) 

. ('"'"" Y, 0 -4...l;.- oJJ-"L. (C) 

• ('"'"" , 0 x f· x f • ~1.J+l.l e::i- Uk:.... (D) 

. PVC If 4.:1):.-.1 (E) 

. 04rJ1 J..wJ ~.r-1l (.)"'l:i- (F) 

. -.r."Lt (.)'" l:i- (G) 

• ..la.;.,.,.;J1 (.)"'~.;..t-:; (H) 

. ~C-,J( I) 

-H­



236 Static Pressure Drop Through Barley Grain 

¥I~I 04y-l:i...o.JW1 o~L.,j t: ~~I;':; V11 ~ o~L.,j 0i n "AV) et al. 

rY el.J LS.M J)l>. o..uL ~~I uJl,J1 oh 01.J ~ j)':11 J~~ 

~IJ~ :i...o.JLM if~uLIJ~ ~~ 01.h:>-}..G.J' V11~ 

Ih.J' ¥I~I 04.r" J-k..A rY ~.J~ LS.ll.h.O oJ~.J ¥I~I 04..,-J 

04.;--" J-k..A rY e.Ji LS..Lo ~~..L>- uG~~ J~I '-:f'J..:...-.J.. 
, w.raJ1 yk.9.J V1\ ~.J '-I~)1 LS~I.J ¥I~I 

'-I~)1 LS~I rY J5~G L....IJ~ Jl~I~I Ih 0~~ 
~I J~:i...o.J~ J>- ¥I~I 04.r" J..w.J w.raJ1 yk.9.J V1\ ~.J 

~I o..uLJI u')l~WI t: ~L::JI 4.;J~ ~.J~.J J)l>. rY ¥I~I 04..,-J 

,4.A.,UI IAI -II .1u...aJ1 '..l9L..iJI' .k ~ ,<.rY'-'.J '-I ~..r 

J.;kll..~ ~I}I 

0fo~, ~IJ..llloh~i~lj4-J:-I~Gij(') ~c::PY.. 

~~ ~~I ¥l:ji ~y,J-1 ¥I~')I r-"'"" 11 J~ PVC rY 4~-:_•..,iJ 4.;1~i rY 

J~ J}':11 ~I~)U JI~I J>- ~~ LS.r>-i uGI~i ~~ uWl 

I .• '. 1..:.1.J.j...l>- '~'I '-i' JL.a.i1 I( ~ ,~~ I. Jwi I... ~u ,y"~~ ~ u-.J l>"'" ~ 

i~1 Jjl>- .k:~ il~~ ¥I~I ~~2 ~~l~ r 0 • o)..u.., 

~.JuGI~)U~)wi0~J~I\,..j, ~~IJ~":lI~ 

~1~":lk:..~.J' (wy,' • • v. I) r-"'"" ro, i ~ r·, lr. '0, r i 
~~~i ¥Iy--+Ll ~ <) f. 4 Ii k' 4J>- j-SJ";:', ;; ~ "c} J~ J}':11 

~' r ' , 0 ~ Ulhll -4..L.::lI Cl}i rY ~ ,,' ,a 4.J r-"'"'" 0 x i, x i, 

1) r-"'"" V , I r ~ ylb)\ ~..LJ-I rY oJr--'lo J)l>. rY ~~ ¥I~I ~\.Ml 

-Yr'­



S.A.Al-Yahya and H.M.M.Moghazi 237 

LS.ll ~I~I 0~ ~Jl.io ~J.i::..l ~.bWI o~ ~I.DJ' ~->U-} 

. (Y-?'--.!.Ji?, r·r ,)1',' '01=Q)~1*10~.r"J.h..o0-"J.::-..b 
~Jlh uL;~ ~ i~~ .4..:N ~..b~ (\ '\ 00) Hukil and Ives c?i 

: ..;'11 ~I ~~WI ..L;..t-J , ~I*I 0~J--" 

M=---- (2) 
In (1 + dQ) 

(n~.)~~~jL..:1J' J."...Jltf~~~I;c,d ~ 

0-" Ul~ ~I~I 0~r" J~ 0-" elJ LS.L JJL>. ~I~I ~~k 

~ J.:~ (\ '\ 0 0) Hukill and Ives iL9 . Y-?' --.!.Ji ? r ~J " • \ 

~IJ~ c, d 0-" J5 ~ 0i ~JJ ~LJI 0-" c:yi o..uJ c ,d 

iL9 W' . ~?I~ i j-.!.J \ r , r , ri jr -.!.J JLS:....~ t \ • x r , \ f L?J~ 

0~.r"'" ~JL.U ~ Lj..."..,k)1 S.".JI ~t- L...,I.)~ (\ '\AA) Haque et al. 

~I*I 0~ ~Jl.io 0i I~IJ ~)I o.)lllJ ~I~~~ ~I*I 
Grama et al. 0-" J5 ~i~~ .1.:>.':1 ..l9J. Lj.."k)1 LSy:JI o~L,j e ~\..:.:j 
~ (\ '\ A Y) Siebenmorgen and Jindal J o.)lll J ~~ (\ '\ A f) 

J ~)I o.)lJI J~~ (\ ,\AA) Gunasekaran and Jackson J j)\JI 

(\ '\ yo) Bern and Charity iL9 ..l9J . ~I J~~ (\ '\ A Y) Olesen 

I~J ~I~I 0~.r" ~Jlh ~ o.)lll J~ '-:-'.r.> 4j~ ~t- ~I.)~ 

Kumar and Muir ~i. ,-:-,.r,-d-I 4j~ o~L,j e ~I~I 0~.r" ~J~ ~ o~~ 

~I J.:...o~ if -.!.J~i ~Ir.k ly L9 (\ '\AY) Jayas et al. J(\ '\ 1A) 

~ 0-"J J~I '-:-'~ 4j\:$ ~~ ):;ulll U:J:. 0il~':1J~IJ 
Jayas J (\ ,\AA) Gunasekaran and Jackson 0 iJ . ~I*I 0~..,-J <1....:4Jlh 

-n­

http:Y-?'--.!.Ji


238 Static Pressure Drop Through Barley Grain 

:.rJ~LS~~~I.J~I~ir--~<\ (2i~~. J~ 
~ Jy.aJ-~ ~~ Ih.J ~L:J.I 6...>-.Jr-U )~I rJ-> o~tA.lI 

Jy.a.JI ~.Jlio if o~~ .r.u~. ~I~I 0~y-3 Jy.a.JI ~.Jlio if uLo~ 

)y o~1 J Jy.a.J1:.r ~I oJ.>..J J~ .lu...a.ll J ~W~ ~I~I 0~y-3 

Jy.a.J1 J c!y l:?i ~.lu...a.ll J ~WI ~~.J' ~1~10~r o~'1 
'-1..,1)1 ol~.J QL:5.J Jy.a.JI ti.J ulll~.J ~1y+l1 0L~ J~~ 

. .k.. ,a. II J ~WI0k-9 Ih ~ o.J~.J' J~Iu~~~L.a>-.J 

. Jy.a.JI JJl>. ~I~I 0~r o~l.J ~.raJ1 ~~i.J 0.J.)-1 ~~~;~ 

-;JI.J ~\y+l1 0~~ ~I J;-..o~1 ~.Jli-o ~.Jl:; o..l;~ ~~i !J~.J 

ul~1 :.r L1.J JUu J ~\-*I 0~r ~.J\.i..o if ~~ u~~~ 

~(i '~~r)ASAE~u~ .. '-=-~Ii ~I~~I~ . .J rJ.-..r:-- .J ~. ~ . 

:.r (' ~ 0 I) Shedd :.r ~J.A.l.I 4......\)JJI~.J. uL..I)JJ\ oh ~.J y!';; 

:.rJS ~~~u~I:.r~~iJj~~ ~~'1\oh~i 
. J~\:.r~ oJ..>..J JJl>..k.. ,a 1\ J JjUJI.J ~1y+l1 0~r-" J.h..A 

J~ ~\ J ..li.QJI y!ill u~1 oh 0.J"~<\ .a\ \ :.r ..l;..uJ\ i~~ 

oh u..L.-~~1 Jj.J. ~I~I 6j~.J 4-:k~i~ ~I J;-..o~\ 

~wu~u\)\G"'\\~ \11~\ I;. u~\~ ~ ~ ~) ~ ~ ~r ~ . c..r.- if ~ 

~L:JI 6j~WI ~ ~~'1~ u~1 oh (.\.::.::.....\ ~~.J' (\ ~Ao) 

Q = a /~'pb (1) 

J.1AAJ\ ~ M i, ('I'-?'-0'?) ~\~\ 0~r J~ Y' Q ~ 

~~~\; a. b ~ ('-? JLS:....,~) J\~'1\ oJ.>..J JJl>..k.• .all 

~~ 6j~L,J\ oh~..LZ o~u- ~~. J~ '-1..,1)\ LS~\ 

-'1'\ ­



239 S.A.Al-Yahya and H.M.M.Moghazi 

(~It)) Jr--'..!W.I ~4- - tf.A:i1~G ~0)1~ - ~0)14....,-4f1"""'; 

~J~I~..r1I.o::.w/-.~ - (1 fA r) ";-'. ~ 

~~\"::"")'I k.aJ1.j jjl~1 V"l,-i ...... ~~ 4......\).> .I.r.! ~: ~I 

-s.,..:-11 V' J5 ~\; 4......\)JJ ...!..lbJ , ~I J ~ V' o~t JJl>. .I,rtll 0~.r" 

0~r' ("JLA.."p .1,ttJ10~r' J..\.A.,oJ ......."...,J1 PJJ~I~J~uC;')1 

~.r.--:JI.j r~I.I,ttJI 0~r' J..L.-. CJI;J' ~I) ~,;.:JI ~ .~i .1,ttJ1 

, \ 0," uC;')I-s~I,,;..t...,y:........c..A.L 0;>-.J' T-?' -,;,,'''? . ,v .)1' ,\ V' 

,w, 'n-, n J~ItJ..JL.......tc..A.LW. (....,...k)V"U"p)/.n ,v, \V 

~Y ~tJ. I""" r 0 , t, r·, n, \ 0 , \ t ....J..:>...:......I t"1".....aJ1 )lhitJ I""" \ r t 
;,.b~ rl..G...:.....~ ..,.".....JI-s.r>-~IJ ......UlI.I,ttJI ....JLA.... ~~ <'y'\1;.>y;-J ~L:.:.JI 

-S~lo.)t..jt"~\;.;;.1,ttJ10~r' ....JLA.. 0t~L:.:.Jk.."..",.;,)W. ~J.r1 I ~ 

...::,..,......)J. J~ItJ.. ~J .1,rtl10t....,)""" J..L.-. ,-,,",L:.; t"J J~ if,).)1 

,,;..l""y----.J.:.p......,l>J ..........".....aJI).> ,-,,",L:.; t" ~I~ .I,rtll J~.r" ....JLU 0i~i 

. '-:l1.&- if,).) -s~ 

L..illl 

~I~I Ljy r ~\...,i ~J-+ll fIJi; <...?i --i ~1*\1 Ljy fIJi; u-o w~1 
~ JJ\.>. ~\~10~y-l ~~\ Ljpl 0U 4 0LS:..)'1..J~ t..)L.:.o 'Lujy 

~ j5J..J oM\ ~o~lA5 ~ ~..J u-o..kA..; ~ v.J J~I u-o 

4........,j~, Q_ .;.f.....,i~~~Js-J,.,.-.a-J-I~~..Ju-o~i 

-r .­

http:0t~L:.:.Jk
http:S~lo.)t..jt
http:J~ItJ..JL.......tc..A.LW

