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A Hybrid 1D/2D Flow Model of Non-Newtonian Fluids in Single Cavity Die

Hiroshi KINUGAWA™, Takeaki TSUDA, Koichi NAKANO and Harumichi KYOTO

“! Graduate School of Systems and Information Engineering, University of Tsukuba
Tennoudai 1-1-1, Tsukuba, Ibaraki, 305-8573, Japan

The Hybrid 1D/2D flow model for non-Newtonian fluids in a single cavity die with a slit is presented. The
equations of mass and momentum in a cavity are treated one-dimensionally by assuming an appropriate mean flow over
the cross section of the flow. The governing equations inside the slot are treated two-dimensionally by the lubrication
theory and assuming an appropriate mean flow. The equations of flow for the cavity and the slot are derived and then
coupled. We use a finite element method to solve these governing equations. It is concluded that slot's geometry, fluid
properties and machining accuracy affect the uniformity of the flow from the slot.
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Fig. 1 Geometry of single cavity die
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Fig. 2 Grid for cavity and slit
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Ry = Iv/?(% +a%y S° (29)
22T, feldEhEhmiil=s, AV y MEIOBEREZEZ R0, |0, jldThThERETEr~T. X, o 30
SEHOEEQ I TS Lagrange2 AHHIBIETH Y, ¢13A U v MEOUREq,,q, (ZH# AT % Lagrange X 2 Kk
BT, w AV v MIFOES p ICHEHT 5 Lagrange W 1 KAHKIEECTH -, Zokkic, BEOREHIC
B L TIL, elementbyelement {EZ A L7z, Z 0 4 FEHEOKELZHEN LU CERETHZ &TC, —&ot » ZIRocEF#E
BIRA LTZETVERE LT, X 2 IZAERHRICHER LA KA E 2R~

3-3-2 HMAKBRUFESEH
BRI AZK 3ITRT. x FHD R Y v MAKEE N B EORKOBEEIIMEY v LELE. X, RV
v MOESBe & Le. Fe, SEERE AT v MBOWREORKESRM L LTRAZ AN,
dQ
M +n-q=0 (30)
FHERE O EERE,  x AT 30 43,y AT 40 D EIDORESEIA v a R LT-. X, fRORIZD
WTIE, =a2— IV BRI, £TOEEDL, ) VAR 11070 Riic o 2ok & L=, X, =
22— N RIS OS5 6, FERIEPED R IR A 15 5 2 & REEZR 726, 0 kA —X @ Continuation
Method™ % L, Solution path Zfi#HT L22E L 7= ISR 41537~

3:3:3 EREELOHER

IS DFEDYEMEHERT D 4, HHELOMT o ERER L DA T o 72, FBREME, BB L
EREOEZTNFhE 1, K417, H, 22T, hHREZETEALEOMHEZ S HETES Z & T
MRTAL LT 2 E R TELE LD THS. K4 X0, EERSM 1, 2 IIERE & HEMEITAh L Tn
HEMND, RETI/UIRE FHIREITT /UK ) BRI LT, FERA S22 E CHHRZEN TR & &
2D, Fo, AIERIE x HROT53EE 1000 O FHHETH 7203, RFITOWTIE, @G 7 Hybrid AR
BRIE T 5 2 & T, x FINOKF4ERL 40 |2 THIERFEISE ORSE CEREZ FHIFTRETH - 7-.

Table 1 Experimental conditions

Parameter Condition1 Condition 2

P 2300 kg/m* 780 kg/m?

Ho 130 Pa: §" 2.3 mPa s"

n 0.5 0.99
Re 84x10° 523
W 0.47m 0.36m

L 0.035m 0.02m

h 0.0005m  0.0004 m
R 00116m  0.00525m
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(&) Condition 1 (b) Condition 2

Fig. 4 Estimated and experimental results

4. ERREME

41 BEE/INSA—FTLICHTIHHEBREBOBRE

M LM AT A BRICIE, &MEE - EEONE ORI EBE L TOME - WREGEH 5. — 0, M
H LRI RS B 5 e EERREIE, thHR AR A2 ZLRAEARDAINIZIN 2 TH D23, FRROHIKIC & 0 K2
W2 /r—ANSH D, 2T, AFERTRELIZET AEH, Kikit 3T A —2 BNNERTENC L IE 3 2% B
T L, &FRSHERFHIERSL DR Z1Er T 5.

R 2IZABIOHTIZEER L72ARE /T A —F BIRT. £5/3T A—X OFEM#SIE (2 KLTF) O, B—0D/RT A—
2 %I SR ZZ SR BIEMRNT 21T > 7o iR 2 X 6 1ZRT. MR 2=(Non-uniformity) o 1%, M:HipEEDS
BETENIEE > WA ETHRIETHY, K’k

o= (qin - qout) / I'Zj:/}j,fﬁ X]_OO(%) (31)
Table 2 Computational conditions 1.4e-05
Parameter 1.2e-05
3 ﬁ\ Cout
P 1000 kg/m Zle0s | o —_——
Lo 0.1Pas" E ge0s } ﬂ
n 0.5,0.75,1.0,1.25 % oo
Re 0.1,0.5,1.0,5.0,10.0,50.0,100.0
4e-06
W 0.1,0.2,0.3,04m
2e-06
L 0.02,0.04,0.06,0.08 m
h 0.5,1.0,1.5,2.0 mm % 0.05 0.1 0.15 0.2
R 5.0,10.0,15.0,20.0 mm Distance from inlet [m]

Fig. 5 Location of gin and qout

— 7 — © 2011 The Japan Society of Mechanical Engineers



= a— F RO LMo —%RkoT « IRITIRGET /L 1616

35
50
. 3
S S
o 40f T B
2 >
E 30/ g 2
5 £
2 e 15+
5 20} 5
c ! 10+
2 5
10+ z 5|
0 ) ) e e 0 ... T — - A i a
5 10 15 20 100 150 200 250 300 350 400
Radius (mm) Width (mm)
(@ Non-uniformity o vs. radius (b) Non-uniformity ¢ vs. width
25 40
n=0.5 —— n=05 ——
= n=0.75 - 351 n=0.75 ~meeme
S 0F n=1.0 - L 3ol| =0
; n=1.25 e n=1.25
£ 15t Z 257
E £
£ s
s or S 15
c o
S . — 2 10}
5 L
0 et B — 0 e T e T -
0 20 30 40 50 60 70 80 90 05 1 15 2
Length (mm) Slit gap (mm)
(¢) Non-uniformity o vs. length (d) Non-uniformity ¢ vs. slit gap

Fig. 6 Widthwise non-uniformity
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70, BEHREREICASI T D.

Non-uniformity o (%)
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Fig. 7 Non-dimensional number characteristic
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Quyy \

\— Slit

Fig. 8 Location of jam in slit
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Mo, EEEOBMIRIZBNT, MEVICEOIEHREDEEDESNEMRDZLI2LY, WELERMEE RS
PR T B (%) 2RV TR, BEE VLEZAMATIC L ) THIT 5 2 L ARETH D Z L b5,

Table 3 Computational conditions

Parameter

p 1000 kg/m®
Ho 0.1Pa s"

n 0.5,0.75,1.0,1.25

Re 0.001, 0.005, 0.01, 0.05
w 02m

L 0.04m

h 1.0 mm

R 10.0 mm

Difference from averaged flow rate (%)
Difference from averaged flow rate (%)

-5
_‘IO I L 1 1 _]0 1 L 1 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Normalized distance from inlet X/W Normalized distance from inlet  X/W
(@ Flow distribution (¢ = 0.01m) (b) Flow distribution (£ = 0.02m)
— 10 :
S n=05 ——
z n=0.75
2 =1.0
g n=1.
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o
L T T s v S
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>
©
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=
s 3
o
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£ 0 - : : :
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(c) Flow distribution (¢ = 0.03m)

Fig. 9 Flow distribution characteristic
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