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Effect of droplet distribution on rheological properties of water-in-oil emulsion
in waxy crude oils

HUANG Qiyu WANG Lei

(Beijing Key Laboratory of Urban Oil & Gas Distribution Technology . China University of
Petroleum, Beijing 102249, China)

Abstract. In order to investigate droplet size and distribution of dispersed phase of waxy crude oil with water-in-oil emulsion,
and influence mechanism of micro droplet distribution on rheological property of emulsion system, microstructure images of
crude oil emulsion were observed and captured by microscope. It is observed that dispersed droplet number increases with the
increase ol water cut, and among the droplets quantitative proportion ol small droplets decrease in comparison to the increase
of relatively large droplets. With the increase of stirring speed during preparation, dispersed droplet number increases while
the Sauter mean diameter of droplets is decreased. Three different waxy crude emulsions were prepared with different water
cuts at a constant stirring speed, and the rheological properties of yield characteristics and thixotropy near the gel points were
measured. With the increase of water cut, yield stress and thixotropy of water-in-oil crude emulsions were increased. And this
trend will be enhanced by the increasing water cut. In addition, experimental results regarding the thixotropy near the gel
point for 30 % water cut emulsion samples prepared at dil{erent stirring speeds show that, with the increase in stirring speed,
shear stress of water-in-oil crude emulsions was increased under equivalent shear rate, and so does the thixotropy. Finally, a
relations correlated the yield stress with the measured temperature and water content was established and with an average rela-
tive error of 9. 83 %.
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Table 1 Physical parameters of oil samples
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Fig.1 Micrographs of water-in-crude oil emulsion with different water cuts
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Table 2 Distributed parameters of water-in-crude oil emulsion TniEZEhE B EAEE B jﬁ PEEHLAEHET . HEE S KK

with different water cuts
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Fig.2 Droplet size and distribution of water-in-crude oil emulsion with different water cuts
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Fig.3 Cumulative distributions of water-in-crude oil emulsion with different water cuts
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Fig.4 Micrographs of water-in-crude oil 3 emulsion with 30% water cut at different agitation speeds
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Table 3 Distributed parameters of water-in-crude oil 3 emulsion

with 30% water cut at different agitation speeds
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Table 4 Gel point test results of water-in-crude oil emulsion

with different water cuts

1E gl 28 5l 38 5l
0 17 18 34
10 18 19 34
20 19 20 35
30 19 20 36
40 20 37
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Table 5 Yield stress test results of crude oil 1 and emulsion

i, iR R 3 / Pa

BAR e — sC 19C
0 19.8 135 7.2
10 2008 20.1 9.9
20 35.9 235 12.2
30 451 27.2 14.9
40 63.8 335  19.2
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Table 6 Yield stress test results of crude oil 2 and emulsion

J& IR 1 ) / Pa

KRR/ Y%

16 C 17°C 18 C 19C
0 20. 8 15. 8 12. 4 7.4
10 31.0 18. 2 15.6 8.1
20 40. 6 24.7 18.7 1.7
30 51.1 33.1 28.7 18.1
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Table 7 Yield stress test results of crude oil 3 and emulsion

JE RS F) /Pa

BAHS% = T35C 3aC 35C 360
0 420 23.0 10.7 6.9 3.4
10 51.2 28.7 153 8.4 3.8
20 56.2 37.7 17.8 10:4 5.2
30 61.8 41.8- 2103 14.1 “9.2
40 80.2 56.4 36.6 24.7 20.1
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& 21.68% .19. 57 % F1 20. 08 % , - 4 4 Xt 12 #: 43
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Table 8 Parameter values adopted in Eq. 2

WA MR/ C a b
17 2.9901 0
14 5 18 1.7127  =0.1622
19 2.2164  =0.4599
16 2.4990  —0.3332
2= 17 2.9906 0.0847
18 2.7472 0
19 4.0388  —0.8334
32 1.5362 —0.6939
33 2.2179  —0.7852
38 5k 34 2.9975 0
35 3.3179  =0.6814
36 5.74 -0.8583
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Fig. 6 Comparison between fitted and measured values of yield stress of crude oil and emulsion
40 a0r
‘
35F 35F
w ORAERE  —— oFARIAH w OBKKRME  —— 0AKBIAHE
301 * AKIOBXBE —— AKIO%HAR soH o AKI0%ERAE —— SKIO%BAE
[ A BKO%ERM —— SK20%IUAE | A BK0%ERE —— FK20%HEHE
& ‘ ¥ OAKIO%LME —— AKI0WIIAE & K| v EBKI0%ERM  —— AAK0%BRAE
R B[ 4 AKA0%LERE AKA0%HL A R 4 BKAO%TBAE AKAO%HL A
& &
= R
=3 =S

400

0 100 260 300
Bfla] /s
(a) BYYIHER 357
45
40
n OFKEB{E — OF KA
35H o AKI0%LWE —— FKI0%HAE
I A BIK0%KEME —— {K20%HAE
30| v AK0%ERE —— FAK0%MAM
< AKAO%FTEWME  —— FAKIO%IAM

YY1 S / Pa

300 400

Ifa]l /s
(c) BYDIEEZ 957!

200

300 400

0 100 260
A /s
(b) BYLIHEE 6 57!

45 -

40
m 0F7KELRAE — OAKHAME
* FKI0%ERME —— FKIO%HAME
A BK0%EEM — SAK0%MAM
v BKI0%NLRM  —— EAKI0%MAE
@ FRAO%EBME  —— FAKA0%IAHE

300 400

Af(E) /s
(c) BUHIHEZR 1257

0
0 200

B7 MCTAREKENIS FBARKMEELRIYESBAEI L

Fig.7

Comparison between fitted and measured values of thixotropic curves of crude oil 3 emulsion with different water cuts at 34°C
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Table 9 Parameter values adopted in Houska model at different water cuts
BE R /s FKE/ %  ow/Pa oy /Pa K/Pa+s" AK/Pass” n a b m
0 0.6062 3.9590 0.4737 2.0780 1.0000 0.0100 0. 0589 0. 6082
10 0.7468 4.7098 0.5693 2.3100 0.9983 0.0127 0.0429 0. 6015
3 20 0.993 4 5.2746 0.6513 2.7200 0.9145 0. 0098 0.0178 0. 9565
30 1.4820 7.7711 0.9317 3. 4586 0.7631 0. 0089 0. 0407 0.6377
40 2.3388 11. 6240 1.3448 5.0501 0.7437 0.0070 0.0423 0. 6036
0 0.0093 4.3575 0.1739 2.0453 0.8751 0.0274 0. 0207 2O
10 0. 1818 4.204 0 0.2955 2.0788 0=796:9 0.0147 0. 0097 0.7920
6 20 0.2628 5.078 4 0.2489 2.4440 0.7638 0.0121 0. 0043 0. 7538
30 1.4138 53697 (). 8632 2.5820 0. 6878 0. 0081 0.0144 0. 5881
40 1.6992 8.2142 1.0031 3.7299 0. 6379 0. 0086 0. 014 4 0.3695
0 0.0091 3. 6661 0. 1664 1.8820 0. 8583 0.0314 0. 0143 0.7495
10 0.2383 3.9566 0. 2804 1.8896 0.7269 0.0196 0.0072 0.8779
9 20 0.2618 4.7130 0.2881 2.2809 0.7227 0.0158 0. 0042 0.7371
30 0.5949 6.5542 0. 4542 2.9400 0. 6824 0. 0210 0. 0066 0. 9340
40 1.5455 6.9820 0.9334 3.2146 0.5962 0.0116 0.0151 0.5665
8] 0. 0234 3.7720 0.1733 1.8075 0.8267 0. 0352 0.0126 0.7325
10 0.3048 3.2828 0.2009 1.7387 0.7172 0.0253 0.0052 0.9351
12 20 0. 0841 4.6707 0.3090 2.2462 0.6973 0.0181 0.0039 0.7162
30 0.5582 5.8943 0.4354 2.6970 0.6764 0.0227 0.0056 0.8607
40 1.4343 6.3892 0.8756 2.9642 0.5823 0.0140 0.0136 0.5641
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Table 10 Parameter values adopted in Houska model at different agitation speeds

WIEHE /s PEFEEEE/ (remin” 1) oy /Pa oy /Pa K/Pass™ AK/Pa-s" n a b m
1000 1. 1558 8. 8683 0.7701 3.8677 0. 9981 0.0018 0.0639 0. 607 4
3 1500 2. 0745 9. 6700 1.2491 3.9013 0.8197 0.0047 0.0221 0.6103
1800 2.9756 15.1706 1.6699 6. 4161 0.7556 0.0068 0.0395 0.5895
1000 0.7811 6. 3501 0. 8069 3.0203 0.9016 0.0097 0.0336 0.6164
6 1500 1.3119 6.5013 0.8121 3.1022 0.8686 0.0050 0.0056 0.5730
1800 1.9575 9.9979 1.1254 4.4417 0.7556 0.0069 0.0104 0.5548
1000 0.6766 5.6276 0. 4986 2.6498 0.8596 0.0212 0.0103 0.9979
9 1500 1.1402 7.3162 0.7243 3.2288 0.7666 0.0071 0. 0053 0.5675
1800 1.7607 8. 4806 1.0294 3.7994 0. 7491 0. 0094 0.0122 0.5549
1000 0.3826 5.2515 0.3508 2. 4981 0. 8341 0.0283 0.0073 0.9999
12 1500 1.0529 7.0729 0.6797 3.1282 0.7359 0.0087 0. 0048 0.5642
1800 1.5938 7.6012 0. 9485 3.4375 0.7301 0.0109 0.0114 0.5546
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Fig.8 Comparison between fitted and measured values of thixotropic curves of crude oil 3 emulsion with different agitation speeds at 35°C
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