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Study on rheology of non-Newtonian two-phase flows through singularities in
microchannels
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For designing micro-size devices using ?as and liquid as working fluids, the
effect of singularity existing In the microchannel (its hydraulic equivalent diameter of 1 mm or
less) on the flow characteristics of the two-phase flow of gas and non-Newtonian liquid was
investigated. As a singularity, we adopted the sudden contraction and sudden expansion seen in
piping systems such as micro reactors. In addition, several types of polymer aqueous solutions were
used as non-Newtonian fluids. Then, the pressure change of the liquid single-phase flow and the
two-phase flow passing through the singularity, and the change of the flow pattern of the gas and
liquid due to the existence of the singularity were experimentally investigated. Based on the
experimental results, a correlation was constructed to evaluate the pressure change when passing
through a singularity. At that time, it was clarified that it is necessary to consider the

viscoelastic properties of non-Newtonian fluids.
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Fig. 1.The rectangular test channel with a sudden contraction.

Table 2. Dimensions of the test channel.

Channels W[mm] H[mm] Dp[mm] sal[]
Upstream 0.99 0.50 0.66
0.49
Downstream 0.49 0.50 0.50
P. Ps Pi[kPa] i=1 8 WL [ka/s]
We[kg/s] Section2  Section4 Ug [m/s] Pi
WL Port 4
We
Uc
25wt% GL 25 wt%
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0.11 wt% Table 2

7 = K(du/dy)" Power-law
T K n du/dy
n n=1 K=u
XG0.1wt% PAM 0.11wt% 150 238 1.58
1.61 mPars
Table 2. Physical properties of the test liquids.
Testliquids  r | [kg/m’] s [N/m] K [Pas"] n[-] (du/dy)y=o [1/5]
Distilled water 997 0.072 8.97x10™ 1.00 -
GL 25wt% 1058 0.063 1.82x10°° 1.00 -
XG 0.1Wt% 998 0.073 347x102 0.70 1400 - 52000
PAM 0.11wt% 998 0.073 1.85x10°° 0.98 1060 - 41400
4 16
Contraction side [ (@ 20
30 40 50 200 300 400 500
:2-n n
* pkjk Dh
Re = —*k 7
“ Ty ik(b+ 2 @
pelkgm? -k jk[mvg] Kk a,b[]
k G L jk kK Q« A
jk=Qk/A Upstream side (a,b) =(0.244,0.728) Downstream side (a,b)=
(0.212, 0.677)
(1)
Fig.2
Fig.3 XG Fig.3 z=0
APcirp
APc1p (2 Contractionside  Expansion side
APcre APci 1P pe<<pL 2
p
APcg 1p = 7"{(1* a) iy (- a)uf ,} v
al-] =jeluc u Upstreamside d Downstream
side APcitp APc1p — APcrP
Fig.4 APar Downstreamside jo =Jjuaticd
ja APci e
ja
APci 1P XG > PAM > GL >
Vena contracta
Fig.3 GL XG
APCI TP
XG 0.1 wt%
XG 0.1 wt% > GL 25 wt% >
4 I:’CI TP
XG >GL > PAM APap  GL
PAM 0.11 wt%
GL 25 wt% PAM  4Pcir

Venacontracta

2 PAM APa  GL



Section 1 Section 4

Section 2

Section 3

Fig. 2. Typica flow pattern of gas-liquid two-phase flow observed when the combination of j_ and jc is
almost same for each fluid; (a) Water: jLq=0.92 m/s, jea = 0.43 nVs, (b) GL 25wWt%: j_4 = 0.84 m/s, jca =
0.44 m/s, (c) XG 0.1wt%: j_ ¢ = 0.84 m/s, jg,a = 0.44 m/s, (d) PAM 0.11wt%: j_q = 0.85 m/s, jg,d = 0.44 m/s.
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Fig. 3. Pressure profile along the channel; (a) Pressure profile measured for two-phase flow at j_ 4 = 0.86

m/sand jcq = 0.87 m/s, (b) Schematic enlarged view of pressure profile around contraction.
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Fig. 4. Two-phase irreversible pressure change through sudden contraction.
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Fig. 5. Comparison of two-phase pressure change between experiment and calculation by the Lockhart-
Martinelli method with the present two-phase multiplier correlation.
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