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..Jymi Jrall ;,c i.,1=1-:J1 L1-J.-')1 -S_r J+^ !:1-r: a:$_x)Ul -=*-,. r 0.5 :-,c ;--,-,

4,c >Jl C--+Jle -,=:-r :-ll::,., (q.q) .-r*.Jl ,+;+^"^ll .rr.nll & Crr*,JJt 
i''

(successful over r----ilJJl : '-ia\l ot irYl L+Jh J+:i1i}-')l ..tr,..r;".-Jl 6-'*J

L+A V .-r!-*j)l ,Jl: el o;1 tqJ)..=.. G-ttJ:lF ei: relaxation rnethod)

a-,-lJ-Jl eljil-Y !*1:11 -[. rJ:'.,-.r, k+ ;og] (Relaxation Method) 'Li-'.,'l

rll a-61u1 al:L- -ar.'-.r a\-", ,1 ,(Explicit rnethod) 4=-:1jJ1 ailJi ,1r-" L riJ Q

a---.-..;: C-:J;,, 61-S-*t; l;-:1 +-)1 ;F^ "1.'''L s-=J c;lS^Jl etill f ;r ar 
=.^

4-j ;Jl !-li 61rt -":-p ;Jl -}=:J1 ;,. i0 5 r,-n /.i'L-- ,ri al+.,.,l ,i.-!1 J!, ;Jl '-Jl

r:-l
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6JJ-.^

.ljlF ,J.Stii u},-li rc ;-L-,Jl ,&1 ,'',:- Z:0.1I 
--11 ur*-,Jl J:-;

a;.!rtjJl: 6.:131

Jl -\l ::,o---o.r\' 1 ,1 r-, ',,f, JJ:r.:-ul t=- -*:Sui 'i,i .-'i1 --:=-.lr J)t -*
1|---^-;1 Jl ,')L F lrc al-JiJl ;;l;,=Jl a+;r-l ,",\,,',35 ;l J:-,:,LJ.''u1*--\l.L v-.J

.,ll 4-lJi1 C^ dli:Jl L;&3 e :0.3 4-!.,ir ;SJ& -;c ljjL g,J- cJ::- c5_ g-P,,g

<,a l- l-rar (2) JsJ! e-y ra: g[:Jt ++ &U; .,Jc trl ^- tt'l F.ldmari'o;;i
.;-r:Jl -J-.Jl .:rl9!. +-...r-;'-.:ji e l:-\l 4+s-.,-u

a-,-'j.., alrJl;",^ J;c J+lJt-)t ;p iLJl LrJ+-li .E.-:^ J Ci]Jl 4SJA 4-ij

s--c L:--:c (3) JsJli 4--,Jl drk-::. Dt dt. a-=r:J ,15" L:lJ1 ,l+i! s:0.5
ajl +-Yl l- Jl-driYL;Jl!l i--- -sFl ,;l eul Je-:.r r-c .7*101 .s:*r.r+1-
;lJL-----^.r :;*-:-JL i, ,,,, oir\:,S -!s-,l Jr-il j,^ Ajtj-.,i e),+ }1Jl elll sl1 a-.,Iilil

;'t, lr;"- a:+-,U1 Lljt-Yl ;yS,,,,,',ij.rlt)l .,jl a-.,1i1-n1 Ll ,-L-)J ,,+JL.j1 a-u1

.j9-i,r--ic -r)1 1ro jd+J &yt *lt J-p+&\:S Jlsle:;1 ;{+- qj-,.',,iil CirJl

.->Y eJ^.-r 6:J1 ir.i, o\',-.r;Sy *ilJ1 iFl
Y>-_r Ji.:ll jr 4Jtr- C.tG^ ,J o!_1Jl ;-:,r ,rI" !-S_x)Jl olji _pE rlirY :

. ll 1 ,jic 0.5 ,, J*104 :o a+;S-xxl a-"nj,r-\-r1;::c ''r.,ri"'.' 7gr-Z:0.12 .;1

JTJSJ^-- a+1;1 J.*l J=r^ cl dll:L +G- d +_,,Ut o!,,Jl id 4-r:1* i*: (]) Sft

,r-]c J.t;lJJl e;gj .:,L1 . 180",135t',90u,45t',0" Li, L*i, ;p$J,.- JriJ

ori Cl+.;(A-4) JSjlL e-, J|JlJd; Jiril+-Y qi^-r"Jl Jy'-:Jl JjA-J1 J-11=

\-1, Hs ,J+-, Z:0.06 +s^11 d H ;:,; ,,,-il aL fyul -UJ1 il :+: ;lFi
J*:Li a;l-+ (F-1) .;l (B-4) ; JIS;Y1.,;1=11 .5r'="11 J+ *l'"aJl )ii-1 i+i.a:r-,
ail J-*)ll, o ^ rJ! *.]aL^jJl jF--11 ,-,----c asJ:-=* Llr;;-J-1:]1 :.\ qt-Yl :;]-x)'

,"-iie-,.s,'g.,^1 s.:Jl K-ln 6:0" LJljl .tll+.,lr)1 .,l1 Ll-J.-)l 4SJ- ric,!-',rldll
(-/ov..rre.9u

a+dl ,jl1 U-.Y :-rc.3ce;.,$J,^iJl g+1-J.-Y1+ a-l-r[L.-bl :.+.-,S; }rJl ,^.=-.,;1

, jlJl ,e pJl ,'r r-1!t ...-l+Jl *,a-!leJi +-13-:Jl ;:;:1:;135"80o,45" Ut;jl "\+j1-.9 vJ- !

(F-4) ,-i!^ril,l 1-1 .&-yt ,;1 Llrl1 ir JJ=.i,j+;11 .J*Jl *. *,La!,." ,- GIG

Y . " v d3lJi/r r.rrJl/'r t S.-:ti4+-$dl f3hlf +JFi 4!-
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Y..\' -lI 
* ::r- ', ,r-^t1/{*!+ ,iJ +Jij aj:-.

i:;---c -+j ti:l80" ,:jt_,i ,^:ii .;J^-Jl fi j.l+-' ::_,S;._ ji.- _:: j_11

;l 4-lyrjl j+----c. arj a- ;;5;:,i:ir a+1 *yl _.+_i.j! i,,-n .,-li _,n1.:j1

*---rl :.1 ,J=-Yl q- "I-.) ,1 :1, ;!_rJl ;:ti .rlr -!^ll L_, j jt: ._;,j-... *,\,l..=*.Jl
L i- ^ 11 .rJl i,:: .,.ji= j, i,,^ril Jt i!_,Jt ;', _rIir.r_,:'Ji j_*Jl :ji."+.rjryl

.-F-)i J1 t'5_,.) :.. *-ll;>_t J:=_ J;- .;-^ :1:;1
le -; ^i;S+_r q,,l;=11 i^iliJl ai..,.tll dt- .,s ]S _,1,_, _r;J1 6.,-; ;Jn
lEJ--+11 *j i"-=U;i d,iJi ,^", ,(5) S;:L.,;Jl J1 ,.+;: +;;'J -t;i 4_"r* J)i Jl^

,a,L- ,--{f., i.l---5.EEi-5) JSfl ; i111" atrjs ;..Jl ;;-l_J"-yl ;;;r:-^11 ,rj]=jl

dl J-*)l J9;$3'* irliil- JS;;;l;Jl a+;- .jJL; o_J.i.* +tl;Jl ;l:=..,)l
lJ-Li l-r:r o *li,z:0.03 drll .,r: -\:lJl g .-L^-9.xL;;l;Ji -,r-r ;_rs:.J=rrlr
ol-.,il ;;y 4il]sll .)..I1il1 ;.:,--11 gU1 \-, ^-r r:',J- ,rlJi ;; J+-l t,J+!t ; ;!,j1 c;fl

Cjl-1l f-J+ LrIl d:6jJl j il:,-41 Ll J--Yl ej",+ a-l_.- ^l :..,s ,E-)i ;l o5_r=

o1 i':!.r--icYl ;1 iJ=lil Ll J.-Yl t_6_x Y ".Jili . ; ^i\i GJ;iris $y1 :-lUl

Jl ij:ul a-ihJl 4iAl1 C*-g, .Jlli u^ l-=\ r (B-5) -s,3t a-=;r- 6 :0" 
-=-_st_!l

iJ. - L -\_,,c--l"SL;;,!1 ;* g;LJl . ;,^r\i ,lJ<J,tli ,,-:4itj- *.s Jil:j &-yt
aji''Jl LlJt-,Yl i+ll.jlJl . i,,^:J1 .f t:+_*11 a,Jl 

."Jl> bJ. =j 
i.. -,*S L6_,1

L "1;-r Jii*Yl ,Jl Ll J=-Yl 4lF , ic.a.A*"il eul k+ ".* Jl iit-,Jl ;
(E-5) (D-5): (C-5) .t1< r,YU a.-: *113 , ; ^iJl JyLJr ;3J1 ,,c 135o,90n,45o

,j+-:11 +,iqJl ,_+ aFUl dul a+r ;itJl *Jc Ll..,."Jl 4i.:11 ;t[ e.,+ Jl_ilI *1,
ajil ii a--i-,t11 ,-l;;---., Z:0.075 d"Jl .,.s:.6-1!t -"1C, .;t r.ai: J"-J) i= J
Ll-J---Yl a+-,S>" Y 'kl .90' a:_s1_11 ,l+jl+ ljS_Drll iA -:i-c ,-:J! ;^;)l , ; -rl1

-i 45" a+rljl oL.jL b:",,^J a^:1:^]1 aitll ct,S o,.,-!-,,.,,.,,,',i 135. !.JlJl "__._1-1q

ijt Jl a--:llJl ,G-,IJi r-u--: rJal iL,- JSJJ JJA-1l -* ;rI,J1 , i ^r\l Jl-":l k-,g',:l

-Ljl .'iJl;.=. a--=;:,. q-S-;,.(,l.. Jr-yf _l] :,5; i ;= ):t J.-..,'t -__.:,5 l:l j;,-iJl

.(F-5) JSJI J;:-"-:f1 Ctill 4-...,+ 6*:1. 1:ry :;'-J! e,J'q ktt'_=Y
, il':.Ji 

t'-r..,LJl oUJ! U+i ;t" 3.L1* --;1_r= u-,:.- Lii--.fl Li ,r-yl ;l:+ .tl

.r--lt ;;1 pJl ++-rl q-''-;j^ll L-'il] _i:-f .ri+ (6) -SJU.GiJi ;;;:l Je: *l ;:Jl
(,4-6) JSJiJ 6 kl .:,,^,J1 J,sl,;,.rt JjJi Jp r+Jl !:1_,a^ {Ji1ri o.l J.-yt ai-

-tl
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'"'ts1 i,Jl :---J-i1J1 :,*l ,:)i fJlJl el^,lr "jl ,= ,+jr J . .,-j f 
''11 

i .-r)1 C-J;
1-, 

*l]i 4--r:t) q--=..,5 (oJ=l-.tt ajl;t-)i ;; ;i) ci:0" ; ij:360 _-,,.e1J1 .;y

ell ; a.i-Jl ;.i ,":-\1 :r+_il.JtYl Ji ,:$>" ) :t+: .-- jst C-; ;lt aA'Jl
,.rjFl z.l +-)l :--.1)l ar *+ jJl-" a:r',< jYl 

--*J1 6-.,Ul a;;-aa;:Jl
JjJi ;c 135".90".45u .1+ U,: aJ^;Jl .;1 e.l J.-yl x,. '*i .(8-6) _sJl ; t*S

.--.,1;,--.,;ijl _,-J-.,.''' j- .j-11;Jl p (E-6): (D-6).(C-6) _'s;:'r. a--;-: Jy,ll
6s-; *,Xl a-LiJl 9l;r:1j dl +-Yl J.+-- *L ;-,1-,J1 4-Ur ,-t'.-:-.: a:ca ;J+Sl a+t5Jl

.rr: ,_5il1 ; pl! ,j+;jll dy ,.ll :3.e-: dJ: ,r.s :r,..-Jl; ,]i-t,'l -* t;l r-:-t a+_r: k-S

Jtn*Yl .sll Li J=*\'i X- .;;+-lL p:Yl {rt-*ll ; ;;lrjt e ;; .,+ -jl Llrjl

;1 ^ii Jl aiLrl Ll J.-)l }l* e:- *lt ;t1-,J1 ++tr ct' i-:1r;,,oGiil -a3r:.,,,j.',i

jSJJ ei-* l:re;:J1 j+S .5;,..,lll i!_,Jt .t_f er;;Jl jl L;+ 4-,t-,J1 .:l;i:.11

.;--l r :l cJr j-li,lr t-,LJ! q-.,1 ,J--)l "tt] ;l i)u:i)l 'ojr': *l .,,,. ,\1 .+iJ (F-6)

,* ;S* -r-s -r$i ill;] JEi g:t,nJl ;l '-ryr 3:;; *Jl -.f:_e 
a-rr +-)] -i-ll , i ^rll

uJ--Jl ?p *lr i..,nl LJljJl as-,IJl g1-; ;:Jl .gr,t Jt ;L_,Jl 
-:iLl:r 

;;l;Jl
a-.,-t=11 .fl !i-:Jl ,i '---;i :=),\-.,9.+iul .'oi .Jl! j r_"+r :,J' C-,-+_=_s _sAll

a-.,L.,-Jl .:1;;-.,.11 ;i .}r^Jl ;c :t:..,)L a-.,1 rL-Yl !=-" er- -u S-'"jlrJl e+;:_r

C1J.. *-;yJi ;'li;".Jl Jtdil jtl,-" i^+ J+,-, .J) g._"..,- ;jlJJl a+-:l d JSill 4-r-.'-.Jl

a------;: k+ J+ *lt e-t/i -s ,',\,'r ::c +^;i -:1:i ,ii;l nJ1 i+-,1 6- ,_l:-: U Ui,Sl,i"

.;;l-,Ji ;1.r'r)1 3:Lj .,,,,-+ ;1 'r\l ;-;1F

ty- a-.ljt-Yl -,1-+.rb b-rrtr,_jl=11 .5JAI1 J=1:.t!;.1 d+ pi :,-.,

;*" +--Je,Jl ;;i pJl J.- *J' k^L+:l.-, !;S,x)Jl a.,,n; .sl _ r- ;f, ;;;q ;yl
.;i 1-l ;g :l (E-7) Jl ( A-7) Jls.::Yl .r;A .;c g;EJi 1-;'Ji *J a-,J=ljr ,itrt,.yl

.L-<-rl+.l--s +-+_,S_x)Ji il*j.r-lc :'u.ic)Lr;rlrJ1 J',i:jl ;l^t- J- +_t,,-Ll, -::c.;::j
;;iS 1;S;^Y -r; ri ,-',,,,1 :a ;+-l; Ji :-.,J1jst-Yl 

,1:,-.,1 '.i^ ]x=Jl ;;[Y1 ,;,!L 3,rly

135t'a-;31J1 o1 .',L L€'€--j, r,^iJl Jyl-;Jf ;J1 c.r, i,;-t Li J--)'i 45> C-

,"---s- ,t.-- d-* .,.g;.1 A-Yl rr+r.;l .jil JXr j,,,,, \l C+i.(D-7) JS-!. a.=;ll

!5-- 3.I;i--.," ,;c ,Jfi;r1 Jl e ;l^.=Ji .r!1;::c C- 4SJLi;i __...;,- J;*tl ;_*Ji
J:_r-_, a---:,,- 4-r1*.r-li *i.r i,J-Jl i:,r ;1 Yl ;i'Jl J!_Jl lr+ +-! __li &,JL

a
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i---t-S.-)' 
-l :i (L-7) C- (A-7) ;S-.-:t aj;'-.,.:._+-.-, ,'j,.^.,o c.l^ =1>s)=-

-J,*f-.j-_jc -- l , ',:-:-c Jr-o;:L; Jl j-,i-r! 1E[)":.:1]i ,--_,i _.-)l Jl 4jl J--)l
.0" j:J1 

_11 "',-:',! *l.Yl .rJl ar;5;*)'-_J1 "_L, ',. ^-),-oll jrl_* J*S-, ajl J=-\,1

.;:-,i -ljr.rl *___: a;iLl"; lJS A1; :1_:ct .1,-",,,,t ;-c gj,uJl ;!,Jl .: +*.-:l J.*;l ;1

.l''l Vufai K. J Desal C. p. , I't'l(iol,lstein 
;Kuehn T. IJ.

:1 t,,l 1 iil. +..;.r,+ll J+.1 tjl J1 Jb-l J;i.- "',-':., j\l :JrjJl ;l
J--S.$I-^J1 a)-Z r-Jl 4ll-rs .',1,,, ::c J* .l ]C)L: ,^ ,*L-=i+ 1+LnJl 4_{)Lc

+:l>lt ,J:+jfl Lltl Jiill ,J r-++11 -\"-\l a taeA aJ-j .,x1 _Ll,-Jl A gUli
+*"--^J1 JlS.::YlJ.,JLS,iill flj iiti^ j .-,1,,, -::c j,* _L .-I1_, :-- iE JA +rjjl
3r c -Jrro *1" L{rhJl_sai_S_}")Ul L;t,r!l;:rc.r JS }f, }i(E_B) *ll (A_B)

. 
",!;Jl 

;r,i, j'{!+ -''',:- 2:0.12 Cls-Jl *l;1 +|ill ,rs,.,\,,,
;rL+;4 J+ +Jl .r!i_dl .+: .,]:l; r:c;r!;;:1-:;,',1,,,r -:_:c ;1 JL$i'r cra iy.Jr,,,r,
JL-61 .r-IlJ sl:'t ric .f r--,q LJI ,ji-)i ,:,_,1 Ll ,kr,,+l ,rJc :[c.)1+; !_S_xXl Lrj

el n:-1 ;Yi 1 i:<-.*..lgl;--lf J,----=-Jl :.p 45" _* _r5l L_r1;+j-*Xl .fjlS t-\<

a--irlJi ,r\^ *1 
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r--jlJl dj.-=11 .', Al; ::J a-11: .__,.,1( .r_.,11, 
jif.jill alj ai-Lj- ; a-:Ell !;l,,Jt
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NI]MEfl{ICAL STUDY FOR BUOYANCY flFFECT ON

DtrVELOPTNG IN THE ENTRANCE ETEGTON OF

HORTZONTAL OF ECCENTRIC ANNULUS

Dr.Mohammed H.Al-Mosawi Gazinga F. Al-Barzinji Ghassan F. Lattif
Assistant Prof. Assistant lecturer Assistant lecturer

Mechanical Eng. Dept. Mechanical Eng. Dept. Mechanical Eng. Dept
University of Karbla'a University of Kirkuk University of Tikrit

ABSTRACT

In this research, a numerical study has been done to done to clarify the

effect of the eccentric annulus of to two horizontal cylinders on the rate flow

the behavior of the thermal boundary layer at the entrance. The research

includes the study of the effect of the eccentric annulus percentage and its

directions on the flow behavior when the internal cylinder. The theoretical

analysis of the question includes the solving of Naver - Stoke and energy

equations on the supposition that the flow is steady, fully developing

hydrodynamic, and in the stage of thermal developing. The question has been

numerically solved after the transformation of ttre Cartesian coordinates to the

computational domain by applying body fitted coordinates. The results

include a survey of the cylinder surface in many sites of annulus flow, where

as it is appeared in that the bouncy force causes the secondary flow behaves

none uniformly at the entrance. The Nusselt number average along the two

cylinders is decreased with the increase of eccentricify as a result of narrowing

in the flow area which diminishes the average of heat transfer quality. We also

conclude that the increase of Rayleih number with the movement of the heated

cylinder towards low causes the increase of the average of Rayleih number

and the laminar flow changes to turbulent flow at the limited region of the

entrance when Rayleih number increases or the eccentricity percentage with

cylinder . movement away from. the perpendicular halfuay axis . but the
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clisturbance vanishes in appi'ill1.iliii.n tir li.ie f'ully developed heateci rc3ion..'..

correlation rclationship is r\ii'llclri'i 'Lil llnd an average chan:lc o1' )iii-<'.scii

lrumber after tl-re stabilitv q'1'tirc l'iurr'in the fully developed rc-gion r',hun tire

diameter of tl-rc intcrnal c),lincii-:i tquals iralf of external.
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