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Verification of an earlier suggested mathematical model of the flow of ceramic
paste, describing the velocity conditions in the circular extruder mouth on form-
ing. The verification was carried out by comparing the calculated and experimental
velocity profiles, the average velocity of the a-Al2O; paste and the corresponding
conditions in the velocity profile. The satisfactory agreement of the model results
and experiment has justified the simplifying assumptions 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-Al,O; paste
containing 76 9, of particles 0.1 to 0.8 pm 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. 9, magnesium stearate and
2 wt. 9, oleic acid. The second stage involves the actual plastification, i.e. mixing
the powdered mixture with 8 wt. 9, of plasticizer based on kerosene and dibutyl
phthalate in the ratio of 59 wt. 9, kerosene to 41 wt. 9, dibutyl phtalate.

The paste was then evacuated and formed in a piston extruder with a circular
mouth L; = 10 X 102 m in length and R; = 4.9 X 103 m in diameter, and
with L, = 30 X 10-2m and R, = 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:

7s = 1.07 + 5.9(dwy/dr)s0-37. (1)
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A comparison of the calculated and experimental velocity profiles 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
7 in the velocity profile, i.e. by means of the function v»; = f(r), as the value of
radius 7 is associated with the shape of the velocity profile.
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Fig. 1. Calculated (1) and measured (2) velocity profiles for Ry = 4.9 x 10-3m,
Ly=10 X 102m at v, = 2.97 X 10~3m s~
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Fig. 2. Calculated (1) and measured (2) velocity profiles for R, = 15 X 10-3m,
Ly =30 X 102mat o, = 7.7 X 10-3m s~1.

In the case of velocity profiles calculated from the model, the mean velocity
Ozm was calculated from equation (26 — Part I) and the position of 7,,, correspond-
ing to vz, was determined from equation (24 — Part I).

The average velocity value for the experimental profile corresponds to the
mean velocity 7; measured. To determine the radius 7 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 7 = 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 7z and its
corresponding radius 7. By comparing the mean velocity 7, thus obtained from
the experimental profile with the actually measured average velocity 7 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 Table I, introduction of this assumption does not lead to any
significant error.
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Fig. 3. Linearization of the relationship vz = f(r:).

A comparison of the o;,, values calculated from the model with the experi-
mentally determined average velocities of paste flow, #;, and their corresponding
positions of 7,, and 7, is listed in Table II.

Table 1

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

R X 103 L x 102 vy X 103 Dgp X 103
m m m s~ ms1
4.9 10 2.97 3.00
15 30 7.70 7.80

Table 11

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

R % 10 L x 102 52 X 103 | Bgm x 108 | 7 x 103 X 103
m m ms~! ms~1 ’ m m
i [ |
4.9 10 X S 2.91 ; 3.14 3.24
15 30 770 E 8.40 ! 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 a-Al,O; paste on forming with an error of 5.6 9 in the value of average

silikaty &. 1, 1989 9



J. Havrda, J. TrdvniSkovd, F. Oujiri:

velocity, and an error of 2.89, in the shape of the velocity profile expressed by
the value of 7.

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.
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MATEMATICKEHO MODELU
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V préci je ovéfen vypracovany matematicky model toku keramické pasty popisujici rychlostni
poméry v kruhovém usti lisu. Porovnéni vysledkti modelu a experimentu bylo provedeno na zé-
kladé srovnani vypoc¢tenych a experimentdlné stanovenych hodnot stiednich rychlosti toku
a jim odpovidajici polohy na rychlostnim profilu. Dobré vzédjemné shoda mezi vysledky modelu

a experimentu potvrdila opravnénost zjednodudujicich piedpokladu a okrajovych podminek
zavedenych pii formulaci ulohy.

Obr. 1. Vypoéiené (1)a naméfené (2) rychlostni profily pro R, = 4.9.103m. L, = 10 . 10-2 m pFi
Dy = 2,97 . 10-3m s,

Obr. 2. Vypobtené (1) a naméfené (2) rychlostnt profily pro Ry = 15. 103 m, Ly = 30 . 102 m p¥i
Dy =7,7.10"3m s, .

Obr. 3. Linearizace zdvislosti t,1 = f(ry).

®OPMOBAHUE KEPAMMUYECKOI ITACTHI; II. IPOBEPKA
MATEMATHYECKOII MOJOEJIH

Hp#n laBpaa, flna TpaBHnukoBa, Mpantuinek Oy upKiL

ragedpa meaneaoeuu (uauramoe Xumuro-mexroaoeueckoeo uncmumyma, 166 28 Ipaza 6

B pabote mpoBepsieTcsi pa3pa@OHHAS MOE]IL NMPOTOKA KEePAMIIUCCKOH MIACTH,, OHHCBIBA-
IOIASA ¢ KOPOCTHIC OTHOMICHHS B KOJIbIEBOM MYH,JOTYKe npecca. ConocTaB 1eHAe pe3y. ILbTATOB
MO[eIIN M JKCUEePHMCHTA I1POBOIMIIIM HA OCHOBAHMM CONOCTABICHHS PACCUHTAHHBIX M 3KCIIe-
PHMEHTAILHLIM NYTEM YCTAHOBICHHLIX BCJHYHH (KOPOCTEH IIPOTOKA M MM OTBEUAION[ErO
MOJI0KEHH 1 HA ¢ KOPOCTHOM I1podiuic. Nopoee B3aHMHOC COBIAJICHIIE MEHTY Pe3y. InhTaTaMil
MOJICIIH M JKCIHCPUMCHTA [(OKASLIBACT ONPAB;AHHOCTH YHIPOILAKONUIXCH 1P IOI0MKCHIIT
Il PPAHAYHEIX YCIOBMIi, BBO,JMMHX I1PH (JOPMY:IMPOBKC 3a;dHIIS.

Puc. 1. Paccwumannvie (1) u uamepennsie (2) crepocmuvie npouau das By = 4,9 . 1034,
1= 10.10"2m npu o = 2,97 . 10=3m ¢ L.

Puc. 2. Paccuumannvie (1) u uamepennvie (2) ckepocmuvie npogiuau 0as Ry = 15 . 1073y,
L, =30.102m npu o, = 7,7 . 1073xm ¢~V
Puc. 3. JTuneapuzayus zagucusocmu tz; = f(rq).

NOVE STREDISKO FIRMY GTE PRO VYVOJ SPECIALNICH KERAMIC-
KYCH VYROBKW. Americka firma GTE oteviela Prototype Engineering Center v nové
pristavbé k soucasnym laboratofim ve Waltham, Mass. Bude se tam soustfedovat vyvoj dila
z nitridu kifemiku pro vélce a ventily naftovych motorti, rotorti a lopatek turbin a dilu z trans-
parentni yttriové keramiky na kryty antén a okénka fizenych strel. Firma chee timto spojenim
vyzkumu s vyrobou urychlit komeré¢ni zavedeni keramickgch dilu.

(Ceram. Industry, 1988, ¢. 1, 139)
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