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1. rnODUCTION 

~~multanmus heel and mass tmnsfw from diliemt ~ p ~ n c u i e s  cmbddd in 

pomw media has many W o e r i n g  and gwphysicrl applications such ur g a o b r d  

r e m o h  drying of porous solids. tkamal insulation, enhanced oil m v c r y ,  prckcd-bcd 

cadytic reactors, cooling of nuclear nactom aod under pund ene%y huuspolt. Cbeng 

and Minkowycz [I] pnscnted similarity solutions for thermal conwaion ftam a 
plate in a fluid-saturated p o w  medium. Bejm and Khair [a]  reportal on thc natural 

convection boundary layer flow in a mnuated parnus mcdium with combined h a t  and 

mass transfer. Lai and Kulacki [3] extendad the problem of Bejm and Khlir [Z] to 

include wall fluid injection effec~s. Bmtmm [4] cxamincd che nahurl convection 

boundary layer with suction and mass transfer in a porous indium. In d l  rhmc studies 

the fluids are assumed to be Newtonian. 

In recent years, the dynamics of micropolar fluids has bccn s popular arca of 

research. As the fluids consist of randomly oricnted molacules, and as each volume 

element of the fluid has translation as well as rotation motions, thc analysis of phyuical 

problems in these fluids has rcvcalcd sevcral intercsting phcnomcna, which nrc not found 

in Newtonian fluids. The theory of micropolar fluids and t h m o  micny~ltu  fluids 

developed by Eringen [5. 61 can be u d  to explain the charadcrialica in ccrlnin fluids 

such as exotic lubricants, collaidnl suspensions, or polymeric fluib, liquid uptalti nnd 

animal blood. The micropolar fluids exhibit cemin micmscopic effccb arising from I d  

structure and micmmtation of fluid elements. An cxccllcnt review about micropolar fluid 

mechanics was provided by Ariman et el. [7,8]. 

The study of flow and h a t  ~ f w  of an claVically ooaduct i~ micropolar fluid 

past a porous plate under the influence of a magnetic field hm atrnckd tb intsnrl of 

numerous researchers in view of iur appi icatk in m y  cngincesing p r o b h ,  tuch M 

MHD garantors, nuclear A m ,  gbolbtrmal mcqy exumctima Md the bwuduy hm 

control in tfic field of a d y n a m i c a .  Kaping in mind some specific industrial 

applications such as polymct pmaaiag technology, aumcrmmr ottmpta hrve bssn mrde 

to a d p  the dux of transverse magnetic fidd on borudrry layer ikrw chracteddb. 

MuMour end Gorla [9] npatad on miaopolar fluid flow past r drmoudly  arovin8 in 
bK PtCQQICC of maptic field. El-H&im d .I. (101 hrvc adid M e  &I" 



on MHD fm convection flow of a micqmlar fluid. El-Amin [ I  I ]  arolvcd rbr problem 

of MHD convection and mass tmnsfw flow in a miempolu fluid wilb cons- 

suction. Helmy a el. (121 have studied on MHD fne convection flow of a mbopolu 

fluid Past a vertical porous plate. Wadr 1131 nportcd the flow af a miuopolar fluid by 

the presence of magnetic field over a continuously moving plate. Kim (14) p m l Q d  an 

unsteady MHD mixed convection with mass transfer flow for a micmpolu fluid paat a 

vertical moving porous plate via a porous d i u m .  

For some industrial applications such as glass production and f m t t  design, and 

in space technology applications such as casmical flight aemdymmies mkd, propulsion 

systems, plasma physics and spacecraft re-enwy aemthmodynamics which operate at 

higher temperatures, radiation effects can be significant. Padikirr and Raptjs [IS] arudiod 

heat transfer of a micropolar fluid in h e  p~rscncc of radiation. Kim and Fedomv [I71 

analyzed transient mixed radiative convcclivc flow of a micropolar fluid past a moving 

semi-infinite vertical porous plate. Later Rqtis [I61 studid the samc fluid flow p@ a 

continuously moving plate in the prwcnce of radiation. Re~~ntly,  Rahmcui and Sattu I181 

smdied transient convective heal transfcr flow of a micmpolar fluid past a oondnuounly 

moving vertical porous plate with time dcpmdent suction in Ihe prcacncc of radiation. 

Cookey a at. [19] studied the influence of viscous diaaipalion and radiation on unutdy 

MHD free convection flow past an infinite heatmi vertical plstc in a porous medium wilh 
time-dcpcndcnt suction. Rarnachandra Prasad and Bhaskar RdJy 1201 invaligatcd 

radiation and mass transfer effects on an unsteady MIiD frcc convection llow past a 

heated vertical plate in a porous medium with viafow dissiplllion. S ~ W  Rddy ot 81. 

[21] reported unsteady MHD convective heat and nuas tranafer flow ofmicmpolar fluid 

pest a m i - i n r i t e  vertical moving porous plate h the p m ~ ~ c e  radiation, S h  Rddy 

a el. [22] have studied Lhr: problem of redielion e f f ~  on MHD mix4 convection flow 

of a micropolar fluid past a mi-infinite moving porous plate in a pornus modium wilk 

heet absorption. 

Vimus dilssipatim, which appeanr M a source tetm in the fluid flow gznetaccr 

appreciable tempcratwt, gives Ike rate at which mechanical energy is crmvartcd into hait 
in a viscous fluid pes unit volume. This effect is of p8f I i txh signif- h W d  

~ v e d i ~  in v k m  Moes tha! subpckd to largt vuifiion of g r r ~ i t o r i d  forrx or 



that operate at high mtational spaeds, as painted by Gobhart [23] in his study of viscous 

dissipation on natural convation in fluids. Similarity solution for the same problem with 

exponential variation of wall temperature was obtained by Gcbhart md Molleadarf[24]. 

However, the cffoct of radiation and vtsmus dissipation on hut and m w  tnursfer 

flow of a micropolar fluid has not received any attention. H a c c ,  the objactiw of the 

present chapter is to study the effect of thermal radiation on magnetohydrodynamic free 

convection heat and mass ~ f e r  flow of a micropolar fluid past an infinite vertical 

porous moving plate embeddcd in a porous medium in the p m c c  of vimu8 

dissipation. The dimens~onlcss governing equations of the flow, heat and mass t r a ~ f ~  

are solved analytically uslng a regular penurbation ~cchniqur. Numerical m l h  are 

repotled in figures and tables, for vanous values of the physical pwarneict-s of inrcreat. 

2. MATHEMATICAL ANALYSIS 

An unsteady two-dimensional laminar froc convective flow of a viscous, 

incompressible, electrically conducting and micmpolar fluid pant en infinite v d c d  

permeable moving plate, embeddcd In a uniform pomus medium in the pnaanca of 

thermal radiation and viscous dissipation is considered. Thc x'- axis iar takm alang rhc 

vertical plate and the y' - axis normal to thc plate. A uniform magnetic ficld is applid in 

the direction perpend~cular to the pletc. Thc transvm~ applied magnetic ficld and 

magnetic Reynolds number are asuumcd to be very small and hcncc the i n d u d  magnotic 

field is negligible [25]. Also, it is sssumcd that the thm in no applied voltage, M, that the 

electric field is absent. Since the plate is of infinite Icngth, all the flow vviablca tuc 

functions of normal diritancc y' and timc I' only. Now, under thc usud bwinwp'r 

approximation, the governing boundary l a p  aquationu af the ptoblm are 

Continuity 

Linear Momcnturn 



Angular Momentum 

Diffusion 

where u' ,v' are the velocity components in xl,y' dinxtions rwpctivcly, 1'. thc time, 

p -  the fluid density, g - the accclcration due to gravity. Pc and h thc thwmal and 

concentration expansion cocflicienrs mpectively. A" - the permaability of the p u s  

medium, j' is the micro-inertia density, w' is the component of thc angular vclocity 

vector normal to the xlv' -plane, y i s  the spin-gradient viscosity, T' - thc l c m p e ~ t ~ ~  of 

the fluid in the boundary layer, v - the kincmatic viscarily, v, is thc kincmatic m(a[ional 

velocity, a - the electrical conductivity of the fluid, - t(hc temperature of thc fluid far 

away from the platc,C' - thc spccim conccntratian in thc boundruy l a p ,  C':, - the 

species concentration in the fluid far away from the plate, B,- the magnetic induetion, 

a - the fluid thcrmal diffusivity, k - thc thcnnal conductivity, c, ia thc apccific k t  at 

constant pressure, 9'-  the radiative heat flux and D- chemical molecular diffu~ivity. The 

second and third tams on the right hand side of the momcntum quation (2.2) dcnote the 

thermal and concentration buoyancy effects respectively. Also, the laal hwo tams on the 

right hand side of the energy cquation (2.4) nprcmts Ihc radiative host flux and w m s  

dissipation, mpcctivcly. 

It is aswncd thiu the permeable plate mover with a eonetdnt velocity in the 

direaim of fluid flow. 7 % ~  appropriate bodary conditianr for LC velocity, 

h m t a t i o o ,  tanpgdturc and ccmmmion ficlds an 



where ti; is the plate velocity, T: and Cw- the t e m p a r m  and conccnbation of h e  plate 

respectively, U: - the stream velocity and L!,, and n' the canstants. 

By using Rosseland appmximation (Bnwsttr [26]), thc radiative ha t  flux q, L 

given by 

where u, is the Stefan - Boltmann constant and K, - the niean ahsorption coeficient. It 

should be noted that by using the Rosscland approximation, the present nnalysis is limitod 

to optically thick fluids. If tcmpcra~urc diffcrcnca with in the flow arc sufficiently small, 

then equation (2.6) can be lineatiscd by expanding 9"lnto thc Taylor acrics abut  Td , 

which after neglecting higher order terms takw thc form. 
~4 = - 4 ~ 1 7 " -  3 ~ "  - 
In view of equations (2.6) and (2.7), equntion (2.4) rcduccs to 

It is clear from equation (2.1) thar the auction vclocity nonnal 10 thc plelc im o 

constant. Here, it is assumed to be 

d=-v, (2.10) 

whm V, is the scale of suction velocity which is a nan-zrra poliitivc canntanr, The 

negative sign indicates that the suction is towards thc plate. 

In order to write the goveining equations and the boundary conditions in dimauionlcao 

form, the following nondimensional quantities are inuoducad. 

olj2u KT1 ('V2 T-T, C' -Ci 
,4f = - A , K  =-+,ttAl6'=-,C=-, 

PY,' v v T, -7, Ci -C, 



Furthennore, the spin-gradient vimsity y which pivcs sume relationship b e t w ~  the 

coeficients of viscosity and micro-inertia, is defined as 

In view of equations (2.10) - (2.12), equations (2.2). (2.3). (2 .5)  and (2.9) d u c c  to Ole 

following dimensionless form. 

(2. l it) 

(2.16) 

J 2 I where q = - = -  N = M + - . f . = ( l - - - l ? - - ) p r  
Y 2 + P '  K 3Rt4 

and Gr, Gm, Pr, R. Ec and Sc arc the lhcrmal Omhof numbcr, mlutal O r d o f  Numbcr, 

Prandtl Number, radiation parameter, Eckm number and Schmidt n u m b ,  wpa:tively. 

The comsponding boundary conditians arc 

au 
u=U, ,w=-- ,O=I ,C=l  a r y = O  

?Y 

u-b0 ,0+0~6+0,C-+Oar  y4a3  

3. SOLUTION OF THE PROBLEM 

In order to raduce the above system a r p ~ n i e l  diffenntirl equation, to a ryrtan of 

ordinary diffmtial equations, we perfon an aeymplotic ~cr l )%b by fcpmcating h e  

linar velocity, micromlatioa, tcmpent~ md cotrccnbation in the naigbknuhood of the 

p o r w r ~ ~ ~  



Substituting .equation (3.1 ) into equations (2.10)-(2.13). and equating the harmonic md 

non-harmonic rerms, and neglecting ~ h c  highu-uder terms of ~ ( c ' ) ,  wc obuin thc 

following pairs of equations for GI,, (0, .B, , C, ) and (14, ,at, .O, , (; ) . 
(I + f lu:  + 14; - Nuo = -GrBo - G,Co - 2@4 (3.2) 

(1 +P)u[+u; - (N  + n)u, = -G,O, -GcC, - 2fi4 (3.3) 

C," + scc; = 0, 

c;+ scc; - nscc, = 0 

where the primes denote differentiation with rcspecl to y only. 

The corresponding boundary condidons can bc wrincn tvq 

"o=U,.u,  =0,1u,=-u;,y =--u;,o0=1.e, =o,c , ,= l .~ ;  = o o l . v = o  
(3.10) 

u o = ~ , u l  =o,u0 + o , q  -+o,eO-to,ol -+o,c~-+o,c~, - + o u s y - + m  

The equations (3.2) - (3.9) arc still coupled and non-linear, who= exact wlutiona an! not 

possible. So we expand (u,,tu,,Q,) and (uI,mJ.Bl) in term of Ec in the following f m ,  as 

the Eckat number is verysmail for incomprwsiblc flows. 

u o ( ~ ) = u o , ( y ) + E c l r , ( ~ ) ,  U , (Y)  =u , , (y )+&c ~ I , ( Y ) ,  

@,(Y) = % , ~ Y ) + ~ ~ @ O Z ( Y ) , ~ ( Y )  = @ , , ( ~ ) + f i m , , ( ~ ) ,  (3.1 1) 

~ ~ ( Y ) = ~ ~ , ( Y ) + E C Q ~ , ( Y ) ,  @ , ( Y ) = ~ ~ ~ I ( Y I + ~ Q ~ , ( Y ) .  

Subslituting (3.1 1) in equations (3.2) - (3.9), qwting the MtMicimtr of & to zem mi 

neglecting the term in Ed and higher order, we get the following apatim. 



The m t h  order equations are 

(I t f lu;, +u;, -NU,, = -GrB,, -GmC,, - 2 M ,  

(1tP)lc; + u & - N u , = - G r B , - ~ r n ~ , - 2 ~ ~ ~  

w;, t va,;, = 0 

o;* t qa,,* = 0 

ell +reg, = o  

8; + re; = -I-ECU;,~ 

and the corresponding boundary conditions an: 

tlO1 = up,tlO2 = o,eol = l,e, = o , ( ~ ,  = - u ; , , ~ ~  = -u;, = o 
tc,, +O,u,, -+O,e,, -+0,8a2+0,r*o, +O.o, -+Ouvy-+uo 

The second order equations tue 

(1 + P)u;, t tr;, - Nrr,, = - (;r Q,, - Grn C;, - 2jku(, 

(1 t /3)u[, +u;, - N rc,, = -Gr el, - GmC,, - 2/ky', 

o; tqq',-nqo,, =O 

and the corresponding boundary conditions al.l: 

U ~ , = O , ~ I ~ ~  =0,eI1 = l ,Q l l=O,~ , l  =-u;, ,q, =-u;> ary = 0  
(3.25) 

u,, +I,u,, +0,6',, -+0,8,, +O,w,, -b0,mI1 +Oaty  -+m 

By solving cquations (3.1 2) - (3.17) unda the boundary a n d i t i o ~  (3. I R), and 

equations (3.19)-(3.24) unda the boundary conditions (3.25), and using equation6 (3.1 1) 

and (3.1), we obtain the velocity, microrotation, tcmpcmtwc and ~ l ~ n t r a t i o a  

distributions in the boundary law M 



u ( ~ )  = a,e-" + a,e"" + a , ~  n' 

+ Ec{a,e-'+' +a,e-'' t a7e"'%' + rqr'3r' +%em= + Olde-2q' + ullii*" " 

+a12e-l'+*Xll +a e-'m,*Vl~ +4,e-( l"dLlr  4 1  +rh 
11 + @16e-'S-e" +q,r-qv) 

+Eem[{4e-"' +b,e-"" +b,e-n*' +4P-a9' } + Ec(d@'"' + / + c - ~ '  + 4 ~ * ( ~ ' ~ " '  
+4e-iq*?1b + 4 0 e - l + + ~ i ~  +hie (1'*i)l (.,.I )I +4rC-{I)I*I.1~ 

+ 4:c + h ~ - ~ ~ ' l  
+45e(++r)~ +46r ~ m ~ ~ s l ~  + ~ l , ~ - ( * l . ~ i l b  +/ ,1~ 'IG'*" + h/*c -(&.&I, +bae-wt,*qk~ 

+4,e '""'I' +b e-"'v" 
22 + 4$ 'JtV'' + 4 , ~  "")I 

where 

and the expressions for the remaining constants arc given in the appendix. 

From the engineering palnt of view, the most impumr characteristics of rhc flow 

are the skin friction coefficient C, , wuplc slrm cocficien~ Cam NUSRII number Nu d 

Shcrwood number Sh , which an discussed below. 

Knowing he velocity fidd in the boundary layer, we can calculale the skin-friction 

coefficient Cf at the porous plate, which in the nondimcnsiod form is givcn by 



coefficient C, at the pomus plate, which in the noa-dimmsional fann is givcn by 

= -, 

Knowing the temperature field in the boundary layer, we can calculate the heat transfer 

coeflicient at the porous plate, which in terms of the Nusselt numkr iu givcn by 

' o,m,+a,r+a,Sc+a,q+Ec{u,m,+a,~+Za,m, +2ru ,+2Scu,+2~, ,+a , , (m1+~)  

+ M m ,  +Sc)+u,,(m, +rl )+a , , ( l '+Sc)+u, , ( l~+q)+al , (Sc+r l )+q ,q~ 

+ ~ e * [ ( b ~ a + h m n ~ ,  +b,m, +b,m,i+B.{&m,+b,m, +4(m, + m 1 ) + 4 ( m , + ~ )  
+blo(m,+m,)+l l l (nl ,  +m,)+42(m2 + f ) + l l r ( m r  + f  9+4,(m4 + r ) + 4 , ( m 4 + r )  

+bIa(ntl + S c ) + b , , ( m , + S c ) + ~ , ( m 4  +Sc)+4, (m,+Sc)+&, (ml  + r l ) + 4 , ( m ,  + v )  

. +4t(m,+r~)+b,,(m,+v)+h,4m,)l 
Knowing the micmmtnt~on In the boundary layer. wc can calcuiatc thc couple ~tms 



Knowing the concentration field in the boundary laytr, we can calculate the maJa tramfar 

coefficient at the porous plate. which in terms of thc Shcrwood n u m b  is given by 

i , ~  Sh, =). , where j .  = -0 
D' C: - C: 

where Re. = 2 is the Rcymldr n u m k  
1' 

4. RESULTS AND DISCCISSION 

The formulation of the problem lhnt m n l s  for l c  effita of radtation and 

viscous dissipation on thc MHD free convection mass ttansfer flaw of an incnmpaihle, 

micmpolar fluid along an infinite vniical porous moving plate cmbeddcd in p r o w  

medium is canied out in thc prcding sections. lhilr cnnbla us 16 crrry wt the 

numerical computations for the velocity, microrotalion, temperature and concmhlion 

for various values of the flow and matenal parmdcnr. In thc pmscn~ ltudy we h v c  

chosen ~ = l , & = O . O l a n d n = O . I , w h i ~ c ~ ,  Gr,  Ga, M ,  K ,  Sc, Pr, R ,Up d &@re 

varied ova a range, which arc listed in the figurc leg&. 

The effect of viscosity nlio j j  on the Invrslational vclocity and micmm,ution 

across tbc boundary layer are p l ~ ~ m e d  in Fig. 1. It is n o d  thac the vclacrty diraibution 

is Iowa for a Newtonian fluid ( P = O )  for ptercribad valua of BOW pm-, MI 

compend with that of micropolar fluid. 7he trmluianal velocity ~DCI(UWI near h 

piate, ae tbc viscosity ratio /l incnarcs rad dKn approacher to m. In rddition, thc 



microrotation increases, with an inc- la p DCP~ to the p l a  but tha affbct is opposite 

far away from the plate. 

Fig. 2 illustrates the variation of velocity and micmm~tion disaibuti~a acmm tbc 

boundary layer for various values of  he plate velocity u p .  h is obmcd that both the 

translational velocity and microrotation incwe,  as the plate moving velacity increaaca 

For different values of the magnetic field paramaw M , the mmlational velocity 

and microrotation profiles are planed in Fig 3. It is scn that tho velocity distribution 

across the boundary layer decreases, as M inncascs. Furthcr, the results ahaw that the 

values of microrotation increwas, as M incnsscs. 

For various values of the permability parameterK, the pmfilnr of the 

translational velocity and rn~cmrolatton across the boundary layer are rhown in Fig. 4. 

Clearly as K increases rhc peak value of velocity wmm rhc boundary law tends la 

increase rapidly near the porous plate. The results also nvml that the magnitude of 

microrotation profiles increases, as K ~ncrraurs. 

The mnslational velocity and h e  rnimrotat~on profilea againat spanwk 

coordinate y for different values of Gmsl~of number Gr and modified Onubf 

number& are described in Fig. 5 .  It is observed that an incrcaw inGror lic leads ta a 

rise in the values of velocity, but a fall in h e  rn~cmrotuion. HUT the psitjve valueil 

of Gr corresponds to a cooling of the surface by natural wnvoclion. 

Fig. 6 shows the translational velocity and the m~crowtadon profiles acroa rho 

boundary layer for different values of the Prandtl numbcrh. It is ~ e e n  M thc 

&anstational velocity docnascs, as Pr ~ncmim, Alao, 11 ia abservcd that the rnrgninitude of 

microrotation increases, as PI increases. 

For different values of the thermal radiation parmeler R, the bwbtiod 

velocity, microrotation and temperature: profiles an plotted In Fig.?. It  i~ ubw~cd that M 

the radiation parameter R incmsm, both the vdocity and t a n p a t u n  dwraaao whenwr 

the microrotation increases. 

For different values of !be Schmidt munberSc, trrurrlational velocity md cha 

micromation protilts an plotted in Fig. 8. L is obamcd that M Sc hmam, th* 

velocity dccrwca acms the boundary fryer and chc micrcwmtiu) incnua 



The effect of v~scous dissipation parameter is., ~ckcrr n u m k  &on rhc velocity, 

~icromfation and temperatun are shown in Fig.9. It is notiad that as 6i incrcascs , 

there is an increase in the velocity distribution across the boundary layer and a decnase 

in both the Microrotation and temperatun. 

Figs. 10 and 11 illustrate the influence of the P d t l  numberprand radiation 

parameter R.on the temperahue in the boundary layer. From lhfsc figuns, it ib dear thal 

the temperature decreases, as Pr or R incrcascs. 

Fig. 12 shows the concentration profiles across the boundary l a m  for various 

values of Schmidt number Sc. 11 is m n  that as Sc increases, the cmcntration ddcrcrsoa, 

because the smaller values of Sc an equivalent to increasing thc chemical molwular 

dihivi ty.  

Numerical values of thc skin-friction cocnicicnt(', , couple strczss coeficicnl C',, 

Nusselt number Nrl and Sherwood numbcrSh m tohulatad m Tsblc 1 for d i f f m t  

values of thcrmophysicsl parameters. Analysis of thc tabular data shown that lhe skin 

friction coeflicient decreases, as /lor M or Pr or R mncrceaca, wherem i~ incrcascs, as Gr 

or Gc or Ec or Sc incrcascs. The cauplc strcss follows m e  trend. Fwthcr, it is obsavod 

that the Nusselt number decreases. as f i  or M or Pr or R increw, whmm it incroaars;, 

as Gr or Gc or Ec increases. The effect of increasing values of Sc has the ccndency lo 

increase the Shenvood numba, but the nmarning paramaem P .  M, Gr . Cir, b, Pr and R 

have no effect on the Shcwood number, 



Fig. I Velocity and microrotation prafilcs for vanour valucx oTl1 
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Fig. 3 Velocity and rnicmroItltio11 profilm fm v a r i ~ ~  vdw of M 



Fig. 4 Velocity and micmm(atim pmprofiies fur vurinus vslucs of K 



Fig. 5 Velocity and r n i c m r w  profile lor various values ofGr & Gc 
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Fig, 7 Velocity and microrotalion profiles for various valucr of R 
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Table 1:Effects of various parameters on C, ,C,. NII Re;' and Sh* Rc;' for values of P ,  

M , Gr Gc, Ec, Pr, R, Sc with t=l, n=O.l,c =O.OI and ~ ~ 4 . 5 .  

f l  M Gr Gc Ec Pr R Sc C ,  C, NUR~; '  Sh, Re;' 

0.0 2.0 2.0 2.0 0.01 0.71 2.0 0.6 3.3742 3.6832 0.4267 0.6008 
0.1 0.6444 0 . M  0.4269 0.6008 
0.5 0.5991 0.5990 0.4274 0 . a  
0.5 0.0 2.0 2.0 0.01 0.71 2.0 0.6 1.7233 1.7232 0.4265 0.6008 

1 .O 1.0339 1.0338 0.4263 0.6000 
2.0 0.5991 0.5990 0.4253 0.W8 

0.5 2.0 2.0 2.0 0.01 0.71 2.0 0.6 0.5991 0.5990 0.4253 0.6008 
4.0 1.61 16 1.61 13 0.4240 0.6008 
6.0 2.6247 2.6244 0.4228 0.6000 

0.5 2.0 2.0 2.0 0.01 0.71 2.0 0.6 0.5991 0,5990 0.4253 0.6008 
4.0 1.5199 1.5200 0.4240 0.6008 
6.0 2.4408 2.4410 0.4228 0.6008 

0.5 2.0 2.0 2.0 0.01 0.71 2.0 0.6 0.5991 0.5990 0.4253 0.6008 
0.05 0.6068 0.6067 0.3945 0.6008 
1 .O 3.8376 3.8434 -1 2.4087 0.6008 

0.5 2.0 2.0 2.0 0.01 0.71 2.0 0.6 0.5991 0.5990 0.4253 0.bOOR 
I .O 0.5076 0.5075 0.601 I 0.6008 
3.0 0.1553 0.1554 1.8037 0.6008 

0.5 2.0 2.0 1.0 0.01 0.71 1.0 0.6 0.6740 0.6739 0.3046 0.M)Oll 
2.0 0.5991 0.5990 0.4253 0.6008 
5.0 0.5268 0.5267 0.5617 0.6008 

0.5 2.0 2.0 1.0 0.01 0.71 2.0 0.2 0.8389 0.8388 0.4285 0.2003 
0.6 0.5991 0.5990 0.4253 0.6008 
0.8 0.5125 0.5124 0.4265 O.RO10 _-. _ ..----.I_*---- 
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APPENDIX 

-G 
a, = U, - (a, +a, +a, )  a, = 

(I+/~)I*'-T-N 



a, = -  (54)' b,= - Gr. CIJ 
i - 6  ( I + &  m: - I' n~, -nPr  

- Gr.C,, 
b* = 

(1+/3) (ml +m,)' - r (m, + m , ) - n  I' 

- Gr. C,, 
4 ,  = 

( l+m(m,+m,) '  - r ( m ,  +m,)-111- 

- Gr. C,, 
bl, = 

(1 + p) (m, + I')' - 1' (ml + C') -n r' 

- Gr. C,, 
61s = (1 +p)  (m, +&)' - I' (m4 +Sc) -n f 

- Gr. C,, 
4 9  = (1 + p) (m, + SC)' - r (m, +Sc) -n r' 



- Or. C;, 
b2, = 

(I+P) (m,+r l ) ' -  r (m,+q)  - n  r 

- 2 a ,  m,  a ,  S t  1- E 
C, = 

(m,  +sc)' - r (mI +SC) 

- 2 a , S c a , q  r E  
CII = 11 - 2 1. Eu, m&m,- 

( s c + ~ ) ~ -  r ( S c + q )  ( . I 1 ' - ~ ~ l  C l l  = 
1-1 t ( m ,  +mi , ) '  - T- (m,  t m , ) - n  

-21.. E Q I ? ~ , ~ ~ L -  y, z - 2 E o ,  m,  b, m, 
' 1 4  = 

(m,+m,) '  - T  (m, + m l ) - n  T ( m l t m , ) ' -  I ' ( m , + m , ) - n f -  

-2r E a ,  r h,m, - 2 r  Ea, I' b,m, ' 
= (r +n,)'- r (I' +m,) -n  T 

CSP = (T +m,) ' -  i" ( r  +m,) -n  I" 



-2r E a ,  r b,m, -2r Eu,Scb ,m,  
CZ0 = C?, = (r  +m,12 - r ( r  +m, ) -n  r ( s c + ~ , ) :  - r ( S c + m , ) - n  1'R 

- 2 r  E a , v  h,nr, - 2 1- Ea,  q b, m, 
C26 = = 

( ~ + m , ) ~  - I ' ( t l + m , ) - n  1- ( q + m , ) ' -  l - ( v + m , ) - n  1' 


