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Abstract—To measure rheological properties in slit and capillary flows, it is essential to measure exactly the pressu-
re gradient at the wall. Pressure measurement at the wall, particularly in capillary geometry, requires pressure-hole
to connect between flow channel and pressure transducer. On the error caused by the pressure-hole, there have
been some theoretical derivations with several unproved and questionable assumptions. In fact, experimental
results exhibited these assumptions were not true, Further, the experiment showed that the dilute polymer solu-
tion gave relatively significant pressure-hole error. The pressure-hole error is varied with pressure-hole size, Reynolds
number {viscous property), and Weissenberg number (elastic property). However, the reiative pressure-hole er-
ror is negligibly small for concentrated polymer solutions and polymer melts.
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Fig. 1. Schematic representation of flow in slitfa) and

capillary(b) geometry.

Capillary {ib

od7]A hv $HES Foleln, D= shel 7ok,
o) wl 4+l (pressure gradient) (—ap/az) & %
7 SfEAl s abEelizE A g 71 (fully developed
regionyoliAl & 48k 24 olale] 9zjol4] gfie =4

ol ghet,

A WA T Q RRE Fezie Ao Akt
X (apparent shear rate) y,&
‘ o 6Q Ho
Siit FYa™ i 2a)
S - SZQ [+ |
Capillary Y= D #b)
7b =, Ak Falel o g Moonev[ 16194
Rabinowitsch[17]2l 24L& 2 Aol ¥ (e
shear rate) ¥+ &3 7},
Ya diny, _2Q . dihQ
| =TT oemi= {2+ ——)(3a)
St 3 7 ding,  wh? 2 dlnrw)
Vo n, dny,  8Q dinQ ..
Ca Icr\ = 13-4 [ (31— ah
Ay y= 8 e, T b 8 dmg, | B0
 (3a)8 was FElug) goloinh, 4 (332 =
29| 4 (power-law fluid)
=Ky" {4



o \; _x;!d
ISR |
at 1
3i
Sidi 1
ipUialy T Ve .“41'1_ )

el A g . .
A T How andew b

SaaE gados iy

oo et [
2ol 48
B Fea (Newtonian flid) 7 5o

T I Bt I &i)xvuuup‘ st Hud

dildtant FrEier g

n
T—
s tvincnsitvd g H (1 (3loegd

A (exit pressure) P

il siress differetice;

2-qecond normat stress difference)

N (F -ty )5 FGF A olH] gFeb[2],

al Ppnr
d Tw

N,ﬁv Ty — rzg:Pexx e

ol sl 7ie] Z@iE L) plel wal oled
(4] ] i ! . By 1 L * oL (2] 1

I Omgked g4l R guoa
SRR s T T

{viscous propertyt 4 1613 Fuiad 2
= R (elastio propertey A (7iah (814

2 ol
I

B

| bt

At O e S AL PH)
drrgetss A1

o

20 R 2l 4 extrapolation)

Dorh .._______. Flow

pressure
sensing
element

B
A

Fig. 2. Schematic representation of pressure-hole.
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Fig. 3. Details of slit die used for pressure-hole experiment.

Reynolds number

0.01 0.05 Q.1 0.5 1.0 2.03.04.05.0
-0.005} 2 n
-0.010 W

o8 a1
0,015 4 LI
3]
&&~O~020 Indope! Indepol
o -0.025 L-50 L-100
-0.030 :j”"‘:: Ao @
a a
ook Tne’te
PHC/PC cl n
0.040

Fig. 4. Normalized pressure-hole error {P;,/P,) versus
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Reynolds number for three polymer solutions.
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NOMENCLATURE

constant in eq.(i1)

: diameter of pressure-hole
: diameter of capillary die

: thickness of slit die

: constant in eq.(4)
: constant in eq.(16)

flow index of power-law model

: first normal stress difference (= - T 3)

: second normal

stress  difference

(= o 7p)

: Reynolds number

: Weissenberg number

: isotropic pressure

: eXit pressure

: pressure-hole error

: pressure-hole error at point Z
: pressure at point Z

: volumetric flow rate

: total

normal
(=p+r u)
width of slit die
constants in ¢q.(16).

stress in i-direction

: true shear rate (at wall)
: apparent shear rate

: viscosity

: shear stress at wall

shear stress

: deviatoric normal stress in 1-direction
: deviatoric normal stress in 2-direction
. deviatoric normal stress in 3-direction
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