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Verification o/ an earlier auggested matheinatical model o/ the flow o/ ceramic 
paste, deacribing the velocity conditiona in the circular extruder mouth on form­
ing. The verification waa carried out by comparing the calculated and experimental 
velocity profile&, the average velocity o/ the oc-Ah03 paste and the corresponding 
conditiona in the velocity profile. The aatia/actory agreement o/ the model resulta 
and experiment haa juatified the aimplifying asaumptions and boundary condi­
tions introduced into the mathematical model. 

INTRODUCTION 

Part I was concerned with the model of flow of ceramic paste through the circular 
extruder mouth. The assumptions on boundary conditions employed in the formu­
lation of the model can be verified by comparing the model results with those 
obtained experimentally. For the sake of correct comparison, it is necessary to 
maintain experimental conditions holding for the respective model, namely: 

a) flow in the direction of the circular mouth ,axis,
b) steady-state, isothermic, laminar flow with a developed velocity profile,
c) the velocity profile has to be determined for the boundary conditions of

symmetrical flow with zero velocity at the mouth wall. 

EXPERIMENTAL 

The experimental verification of the model was carried out on a-A}z03 paste 
containing 76 % of particles 0.1 to 0.8 µm in size, and with a specific surface area 
of 7.1 m2 g-1. 

The mix employed is plasticized in two stages. The first stage consists of activat­
ing the surface of the oxide by an addition of 1.6 wt. % magnesium stearate and 
2 wt. % oleic acid. The second stage involves the actual plastification, i.e. mixing 
the powdered mixture with 8 wt. % of plasticizer based on kerosene and dibutyl 
phthalate in the ratio of 59 wt. % kerosene to 41 wt. % dibutyl phtalate. 

The paste was then evacuated and formed in a pistou extruder with a circular 
mouth L1 = 10 X 10-2 m in length and R1 = 4.9 X 10-3 m in diameter, and 
with L2 = 30 X 10-2 m and R2 = 15 X 10-3 m respectively. 

The average velocity of flow of the mix through the mouth was measured during 
the experiment. The shape of the velocity profile was obtained by colouring the 
paste before entering the mouth and by cutting the cylindrical body axially after 
its extrusion from the mouth. 

As far as the model was concerned, the velocity profile was calculated from 
equations (24, 25 - Part I) for the constitutive equation (22 - Part I) in the 
form: 

is = 1.07 + 5.9(dvx/ dr)s° ·376, 
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A comparison of the calculated and experimental velocity profi.les is plotted in 
Figs. 1 and 2. The quantitative comparison between the two results was carried 
out by comparing the mean flow velocity values and the corresponding positions 
r in the velocity profile, i.e. by means of the function Vx = f(r), as the value of 
radius r is associated with the shape of the velocity profile. 
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Fig. 1. Calculated (1) and measured (2) velocity profi/es for R, = .J.9 X J0-3 m, 
L1 = 10 X 10-2 m at Vx = 2.97 X 10--' m s-1

• 

Vx-10 3 

m.s-1 1 2 

20 

10 

o R o 3 R 

r.10 
m 

Fig. 2. Calculated (1) and measured (2) velocity profi/es for R2 = 15 X 10-3 m, 
L2 = -10 X 10-2 m at Vx = 7.7 X 10-3 m s-1• 

In the case of velocity profi.les calculated from the model, the mean velocity 
Vxm was calculated from equation (26 - Part I) and the position of 'tm, correspond­
ing to iix, was determined from equation (24 - Part I). 

The average velocity value for the experimental profile corresponds to the 
mean velocity iix measured. To determine the radius 't in the experimental velocity 
profile in view of the difficulties involved in establishing the position of zero velocity 
on the mouth wall, use was made of the finding that the relationship iixi = f(r,) 
in the proximity of the mouth wall is linear, as demonstrated by Fig. 3. Lineariza­
tion of the conditions at the mouth wall yielded a precisioned form of the experi­
mental velocity profile. Its integration provided the mean velocity iixv and its 
corresponding radius r. By comparing the mean velocity iixv thus obtained from 
the experimental profile with the actually measured average velocity iix it is 
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possible to check the correctness of linearizing the experimental velocity profile 
in the proximity of the mouth wall. As demonstrated by the values of the two 
velocities listed in Tahle I, introduction of this assumption does not lead to any 
significant error. 
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Fig . • 3. Linearization oj the relationship Vxi = f(ri)-

A comparison of the Vxm values calculated from the model with the experi­
mentally determined average velocities of paste flow, fix , and their corresponding 
positions of 'řm and r, is listed in Tahle II. 

Table I 

The values of average velocities measured experimentally and evalu­
ated from the experimental velocity profile 

R X 103 

I
LX 102 

I
Vx X 10' 

I
Vxv X 103 

m m n1 s-1 Ill s-l 

4.9 10 2.97 3.00 

15 30 7.70 7.80 

Table li 

The calculated and experimental average velocities of paste flow and the corresponding positions 
in the velocity profile 

R X 103 

I
LX 102 

I
10' 

I 
}OJ 

I I
Vx X I 'Úxm X r X }OJ řm X }OJ 

m m m s-1 I ms-1 m m 

I I ! 4.9 IO I 2.97 

I
2.91 ! 3.14 3.24 

15 30 
I

7.70 8.40 I 11.00 11.27 
I 

CONCLUSION 

The mathematical model obtained by resolving the transfer equations for the 
conditions of paste flow through a circular extruder mouth describes the real 
flow of the o,;-Ah03 paste on forming with an error of 5.6 % in the value of average 
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velocity, and an error of 2.8 % in the shape of the velocity profile expressed by 
the value of r. 

The satisfactory agreement between the model results and experiment bears 
out the correctness of the simplifying assumptions and boundary conditions 
introduced into the formulation of the model. 

TVAROVÁNÍ KERAMICKÉ PASTY, ČÁST II-OVĚŘENÍ 
MA TEMATICKÉHO MODEL U 

Jiří Havrda, Jana Trávníčková, František Oujiří 

Katedra technologie silikátů, Vysoká škola chemicko-technologická, 166 28 Praha 6 

V práci je ověřen vypracovaný matematický model toku keramické pasty popisující rychlostní 
poměry v kruhovém ústí lisu. Porovnání výsledků modelu a experimentu bylo provedeno na zá­
kladě srov:nání vypočtených a experimentálně stanovených hodnot středních rychlostí toku 
a jim odpovídající polohy na rychlostním profilu. Dobrá vzájemná shoda mezi výsledky modelu 
a experimentu potvrdila oprávněnost zjednodušujících předpokladů a okrajových podmínek 
zavedených při formulaci úlohy. 

Obr. 1. Vypočtené (l)a naměřené (2) rychlostní profily pro R1 = 4,9. 10-3 m. L1 = 10. 10-2 m při 
Vx = 2,97 . zo-3 m s-1• 

Obr. 2. Vypočtené (1) a naměřené (2) rychlostní profily pro R2 = 15. zo-3 m, L2 = 30. 10-2 m při 
'iix = 7,7. 10-3 m s-1. 

Obr. 3. Linearizace závislosti Vxt = f(rt}. 

<DOP.\10 BAH II E HEP A.\I J1lIECn OH IT ACT hl; I I. ITPOB E PHA 
�IAT E .\1AT IILJ ECHO H .\IO)];E :I li 

!Jparn ťaBp;i;a, HHa TpaBHw11wna, (JlpaHTllllleK Oyuparn 

1,arfeapa lllf:J. HC'JIO?UU ( ll/lUH(llll()6 .,\" UMUh'0·lnť2'H0/I0?U1iťCH0?0 llH(ll/Umyma, 166 28 II pa Pa 6

D paóoTe rrpoBepHeTťH pa3pa6oHHaH Mo;1e:11, rrp0T<JJ,a 1,epaMll'!CťlWÍÍ !Hll'TJ,l, 0IIUCL!Bil· 
IOII.laH ťK0p0ťTl,IC 0TH0IIlCHIIH B K0.;I!,I.I0B0M MYHiVUTYK0 npcrca. CoIIOťTaB:remrn pe3y;11,TaT0B 
M0/(eJIII U 3KC1Iep11MCHTa npoB0;111:rn Ha 0ťH0B/IHllll ť0!T0CTaB:ICHl!H paťť'll!TaHHl,!X II JKťlle­
pnMeHTH;ILHLIM nyTeM ynaH0B.7[('HHJ,IX BC.'lll'll!H nwponcii. np0T0Kil li IIM 0TBe•iaIOn(ero 
II0J!O)f(0HllH Ha ťliOp0ťTH0M npoqm:TC. Xopon1ec B31\IIMH0C ť0BJIH;J;CHIIe Mem,,y pe:iy:n,TaTaMJI 
M0/\CJIII J1 JHťIICJlllMCHTa /l,0Wl:lJ,lBHl'T orrpaB;\aHH0ťTh ynpo1uaKmmxrH 1Tpe;(110,JO)f(CHIIÍÍ 
ll rpaHJ!'IHl,JX yc:JOBl!ÍÍ, BB0;\l!Ml,JX npn qmpMy;rnpOBKC 3aJ\llHIIH. 

Puc. 1. Pacc'l,umaHHb1e (1) u ua.MepeHHble (:?) ch·opocmHble nporfiu/lu a.rn R, = 4,9. J0-3 •. u, 
L1 = 10 . J0-2.M npu Vx = 2,97 . I0-3.M c- 1 • 

Puc. 2. Pacr'l,u,1wHHb1e (1) u ua.Mep1'1111b1e (:?) Ch'opormHble 11po!fi1tJW a.rn R2 = 15. 10-3.11, 
L2 = 30. 10-2M npu v.,, = 7,7. 10-3.w c-1. 

Puc. 3 . .'T1meapuaa4u.� aaeucu.wocmu Vxi = f(ri), 

NOVÉ STŘEDISKO FIRMY GTE l'RO VÝVOJ SPECIÁLNÍCH KERAMIC­
KÝCH VÝROBKŮ. Americká firma GTE otevřela Prototype Engineering Cfnter v nové 
přístavbě k současným laboratořím ve Waltham, Mass. Bude se tam soustřeďovat vývoj dílů 
z nitridu křemíku pro válce a ventily naftových motorů, rntorů a lopatek turbín a dílů z trans­
parentní yttriové keramiky n.a kryty antén a okénka řízen:ých střel. Fi,ma chce tímto spojením 
výzkumu s výrobou urychlit komerční zavedení keramických dílů. 
(Ceram. Industry, 1988, č. 1, 139) 

Doušková 
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