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ABSTRACT

Viscoelastic fluids such as dilute polymer solutions show anomalous phenomena that can not
be observed in Newtonian fluids. The normal stress effect among these phenomena and the
measurement of the static pressure are fundamentally important from an engineering view point.

The normal stresses of viscoelastic fluids have been measured mainly by a Rheogoniometer.
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However, as there lies a measuring limitation in case of Rheogoniometer, it is difficult to
measure the normal stresses when the normal stress differences in dilute polymer solutions are
very small or the shear rates of the solutions are considerably high.

In measuring the static pressure on a fluid-immersed surface, it is a convenient way to make
use of a small pressure hole leading to the measuring instrument. But because viscoelastic fluids
exhibit normal stress effects, it has been shown experimentally that a systematic error exists in
measuring the static pressure by the hole. A certain disturbance of the viscoelastic fluid flow
occurs due to the hole and therefore, in order to measure the undisturbed original pressure,
the error must be clarified.

In this paper, the normal stresses are measured by using a new device which is designed to
measure them by means of the reaction thrust of cylindrical jet formed at the exit of a horizon-
tal capillary tubes. In order to examine the relations between the error in the static pressure
measurement by the hole and the normal stress, and between the error and generalized Reynolds
number, the experiments are performed by a parallel plate channel with the steady two-
dimensional shear flow of viscoelastic fluids such as Separan-NP10 and PEO-18N. Also, in
order to examine the mechanism of the errors, the flow patterns in the vicinity of static pressure
hole are photographically taken and observed graphically.

Results of the experiments can be summarized as follows;

(1) The errors in measuring the static pressure of polymer solutions are not influenced by the

pressure hole size,

(2) The errors in measuring the static pressure increase with concentration of polymer solutions

and shear rates. K
(8) The relation between the normal stress (z::—t,-) and the error (4p) in case of Separan-

NP10 and PEO-18N solution can be approximately represented as follows;
—4P=0.14(T:e = Trr)u
(4) The relation between the error and gereralized Reynolds number (R.*) can be approxi-
mately represented as follows;
Separan-NP10; —4p=40.5pV*R.* """
PEO—-18N; — AP =477 pV?R* -1 1
(5) The flow patterns in the vicinity of the pressure measuring hole can be classified as next
three regions.
1) Arched symmetrical flow pattern region.
2) Asymmetrical flow pattern region,

3) Rectilinear symmetrical flow pattern region.
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Tw=my." (3-18)
LRl 4 m = &2 A & # (Rheology Constant)o] ] 7. = 3 SJBis#A0]ch. =8 BEfo] <)ol A
© 72 87 BT RS4S (Apparent Shear Rate) [w = (3-3)K-S y 2 2448 A y=h/2 & KRAsH,
W= (3-19)

o] 22 (3-18)XY LIthe (3-16)Kl AAZH HEmEol AA Y & BRI ro =
_2n+1 8V 2n+1

="3n "k =3 I= (3-20)
2KIE BE YA —igelo] 5= 2 (Generalized Reynolds Number) R.* =
2
Re= 5LV (3-21)
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Fig.3+6 Photo of Channel
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L& de. HebA Fig. 3:10~Fig. 3-1561 4 18 29 797 gy RE BPEN 7o k-2 Table
3:1 3 7ok,

Table 3-1 Data of »

Polymer and Concentranon Power Exponent(n)
Separan 0.05% 0. 922
Separan 0.1 % 0.919
Separan 0.5 % 0.608
PEO 0.1 % 0.716
PEO 0.5 % 0.538
PEO 1.0 % 0. 505
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TN s ad BRE Aol dw AP oo o] Sl
AP = CHFEPET B el A IIES 8IEA0) — (G SR
HF OPIE =2 A WES
HEtA —dP = BRIl KE Bl KNS BIBEHEY Mz o,
°l<h Z-& FHAHE Fig. 3-16~Fig3-21 ol 4] Huxsbd wd HhiyLel K& TR ME -4P &
S RIS HEe]l AN MI#IVAE b 242 #Bnes o <« e, =3 EE 0.5mmQl ke
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able4 1 Data of C

Polymer and Concentratxon (‘ Proportional Constant{C)
Separan 0.05% 1 0.16
Separan 0.1 % 0.15
Separan 0.5 % “ 0.12
PEO 0.1 % .13
PEO 0.5 % \ 0. 14
PEO 1.0 % ‘{ 0.14

abledel el A st vbeh o] HOUEECH T A% §ET poE e HAHRCH

CRE T ST ELEES 6T ahd shesh el A
c=0.14 (49
6=0.0129 (4-5)

Gl AL G 6 kel Bidrsh e E Separan st OPEO digel el s s ake] Wizgen
= gk
—4P=0.14(T~Trr)w (4-6)
Sl A peee HReskqie) Higashitani™ o] FRAEHT A5 swel [par fadehe) ato. Higashitaniel (X
s wEs e goh FIEILel dlel A BEo] HEkLE Fo eivhn Bhelzha i
A g RAT B4 e K b mapslh
4P = — ,L( T Ty ng;;lf:,) (4-7)

R NI = S . N GER e

- - .o -
Tax — TyyXTyx, Tyy 7 vis

S A SR (g, 2) SF RTTEE S AR

G e e R x oz y oz 08 el G HEEETE B D=t Teste Ty
o em el Eh 2 IR Gy —t T T 1 ERETIE (e ) 5 LR sl s
o0 = el Higashitani € (4-TRE FHE3 Aol

1
4Pt 48
= AR R e ( (4-3DF Y WAL C b (4-8) K€ '371070” ppggkek, =E ar (3-
18)3k 3 (4-2) R e FEAH &t ol A kT T UH

(Txx—=Tyy)wOCTt’” (4-9)

o= 7 (4‘10)

B Table2-1¢ll, ni= Table3-1¢l %% Frs Jomw (4-10)KEHFH FH1isHd a9
Table 4-2 &} 7ok,
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Table 4-2 Data of «

Polymer and Concentration k ] ”n a l —3%
Separan 0.05% 0. 906 0. 922 0. 983 ; 0. 339
Separan 0.1 % 0. 909 0.919 0. 989 ' 0.337
Separan 0.5 % 0.911 0. 608 1.498 | 0.222
PEO 0.1 % 1.042 0.716 1. 455 : 0.485
PEO 0.5 % 1.144 0.538 2.126 .’ 0.157
PEO 1.0 % 1.224 0. 505 2.423 0.138

L% a9 Fe -8Rl RANA k3 4P & BEifRo 24 Fig.4.-1~Fig. 4-6 o] FFgel &R
Sih. & Higashitani 9] Ko (k% 55 & BIE HAA o A —4P 9 zho] FRBAA
RE ZE —APRTE 43 2A YEin o o spmfEe ERE reol BRSO WY BN
S BRE Fek —Eseh 7e=10(1/sec)Q 49 TEREY £RS 0 HEEY 2REE Vel
Table 4:3 53 7o},

Table 4:3 Data of Differences

Polymer and Concentration lDifference of —4P at 7w=10‘(1/sec)[Difference of Logarithmic Value
Separan 0.05% 1, 600 dyne/cm? 2.07
Separan 0.1 % 2,600 dyne/cm? 2.0
Separan 0.5 % 6, 000 dyne/cm? 2.0
PEO 0.1 % 14, 000 dyne/cm? 1.93
PEO 0.5 % 21,000  dyne/cm? 1.53
PEO 1.0 % 22,000 dyne/cm? 1.64

42 REBREo —BHol==Ho| PR £

Fig. 3:16~Tig.3:21 ] 7Y FEBE ~4P & £IEEH] Akl WS BEL Loy o
e WK H(- 4P/ LoV?)& B 2 $RE Fig.4-7~Figh 129 19 xo] Frsreich ol 2
2R ERAE £ B REF 1R ZolAL HECE A% Fig.4-137 Fig. 414049 2
o R HHY HROINE B a2 A-ERld BRI SonE BEY MEYL —ft
& K*% & g _

AR = NERES — ool w2 FIHE $2e3t7] o shol s apy L 1oV )8 —igs)
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(a) 7w 11.07 Re* 9.87 (d) 7w 283.6 Re* 317.1

(c) Tw 239.1 Re* 264.2 (f) 7w 704.1 Re* 838.3

Fig.5:5 PEO 0.07%, L=3.7mm
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(d) 7w 699.2 Re* 434:9

(b) 7w 65.4 Re* 59,1 (e) 7w 803.1 Re* 62,5

(¢) 7w 308.2 Re* 309, 9 (f) 72 1,075.0 Re* 1,179.0

Fig.5-6 PEO 0.07%, L=52mm

.
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(b) 7w 20.7 Re* 9.79 (e) Tw 779.4 Re* 401.4

(¢) 7w 129.4 Re* 52.2 (f) Tw 1,017.0 Re* 543.0

Fig. 5.7 PEO 0.1%, L=3.7mm
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(b) 7w 21.7 Re* 6.15

(f) 7w 188.0 Re* 71.3

(d) 7w 75.8 Re* 254

(h) 7o 373.0 Re* 155.3
Fig. 5.8 PEO 0.1%, L=52mm



{a) Tw 9.65 Re* 1,21 (d) 7w 342.0 Re* 118.9

{(b) 7w 55.8 Re* 12.1 (e) 7w 957.4 Re* 436.7

(c) 7w 105.4 Re* 26,9

Fig. 5.9 PEO 0.2%, L=3 7mm
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(a) 7w 1.67 Re* 0.13 (e)

¥

-

7w 184.0 Re* 48.6°

@
#

(b) 7w 31.8 Re* 5.29

(c) Tw 54.9 Re* 10.6

(d) 7w 99.0 Re* 22.2 (h) Ve 471.6 Re* 159.6
Fig.5'10 PEO 0.2%, L=5.2mm



(a) Tw 17.4 Re* 1.13 (d) Tw 638.9 Re* 144.2 :

(b) 7w 73.7 Re* 7.86 (e) Tw 868.3 Re* 217.9

(c) 7» 221.5 Re* 34.6

Fig.5-11 PEO 0.3%, L=3.7mm
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(c) Tw 74.1 Re* 7.08 (8) Tw 872.0 Re* 196.5

(d) 7w 137.0 Re* 16.2 (h) 7w 1,445.0 Re* 387.0
Fig.5-12 PEO 0.3%, L=5.2mm
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(b) 7v 19.9 Re* 0.71 (e) Tw 444.1 Re* 48. 4

(¢) Tv 89.3 Re* 5.49 (f) T 657.4 Re* 82.4

Fig.5-13 PEO 0.5%, L=5.2mm
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(a) Tw 5.11 Re* (.04 (d) 7w 200.3 ‘Re* 7.44

(b) 7» 22.9 Re* 0.35 (e) 7w 369.5 Re* 17.7

(c) Tw 169.7 ‘Re* 5.89 (f) 7."450:8 Re* 23.4

Fig.5+14 -PEO.0.7%, . L=8.2mm’
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