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1. MO DAU 

Phli.n 16-n cac h~ chl!t lOng phi Niu-t<Yn chung ta thtrang g~p trong nganh cong nghi~p dli.u khi 
!a cac h~ th~ huyh phil hay pharr tan, du d6 !a dung djch khoan hay !a dli.u tho c6 cM:a paraffin. 
Trong d'au khl nhi~t d9 gik x3.y ra qui trlnh ke't tinh paraffin, d'au tien Ia d.c tinh th~ paraffin 
rieng M sau chUng lien ke't lf}.i v&i nhau tq.o th3.nh cau trUe m~ng c6 d~ng dmh ciy. va nhu v~y 
d'au chuy~n tll- th~ phin t3.n tv- do sang th~ phin tin lien kift. Kfch thll'&c m~g ph~ thu?c va.o 
bk ch~t crl.a chinh d'au thO va. c6 tlnh quye't djnh de'n d9 b~n ccr h9c ella m?Jlg. DBng thOi n6 
ciing xac djnh pMn U:ng cua dli.u len lmh h1r&ng nhfrng tac d9ng ben ngoai. Sv thay diii d9 bh 
CO' h9c cua h~ chl!t lOng phi Niu-t<Yn theo th<ri gian drr&i tac d9ng khOng d5i cua ngo~i l'!C g9i !a 
tfnh xuc bie'n ella chl!t lOng va him than cli~t lolng d6 dtrgc g9i !a cMt lOng xnc bie'n. 

Tinh xuc bie'n (thixotropy) cua cac cMt l&ng phi Niu-t<Yn c6 y nghia quan tr9ng khong nhfrng 
d5i v&i c<lc nh3. nghien cli'u rna cOn thu hUt Sl! chU Y ding kg cUa cic nha sAn xu~t nginh d'au khi 
vl d6 !a th'!c te' khong th~ btl qua. 

Theo d.c tac gia [1, 2, 3, 4, 5] thl tlnh xuc bie'n cua cMt !&ng phi Niu-t<Yn c6 th~ .dtrqc nghiihi 
cU:n b~ng ba phu:<Yng phap chfnh d'!a tren d.c w s& sau: 

1. Hi~n tu-gng tr~ (hysteresis). MU:c di/ xuc bie'n d~c tmng b&i di~n tlch gi&i h~n gifra du-lrng 
cong ch!y len va xu5ng. 

2. Hi~n t111!ng ta.i t~ c3u trUe (slf gia tang d9 b~n ca h9c cda m~ng tinh th~) khi chuy~n ttr 
v~n t5c bign d~ng cao xu5ng th3p ho~c ngirng hin t3.c d9ng. 

3. s'! bii(n d.5i cua ling suS:t tnrqt r cua chilt lOng theo th<ri gian & gia tri v~n toe bie'n d~ng 
khi'lng d5i. 

Pharr tlch d.c ph liang phap tren thS:y r~ng, ne'u nghien cU:n theo phrr<Yng phap 1 chung ta se 
g~p kh6 khan khi cli.n thigt phii danh gia qua trlnh v~ !trgng, m~t khic do h~n eM v~ thai gian 
nghien cU:u ta khOng th~ d<}t d1rgc gi3. tr! U:ng suSt tnrqt can b!ng, vl v~y khOng cho phep th1n 
hanh cac d'! doan xa h= vrrqt ra ngoai ph~m vi khuon kh6' thi nghi~m. Con cac phu-=g pMp 2 
v3. 3 ph'an n3.o kh£c ph\lC dlrq'C cic nhugc di~m cda phU"O'llg ph3.p.l. 

M1;1c dfch cda cOng trlnh nghien ctht nay 13. dva tren ca s& cac sO li~u thvc nghi~m b!ng c3.c 
phu:cmg phap dii d[n tho!: tlm d~ng tong quat cua moi lien h~ gifra U:ng suS:t trrrqt cua chS:t !6ng 
xU.c bie'n va. thCri gian. VS:n d~ tu·cmg t\1' da. d1.rqc nhi'eu nh3. nghien cttu xem xet. Ching h¥1, thea 
[1] d(l nh&t thay Mi theo th<ri gian theo quy !u~t ham so mii: 

t = Aexp(-ry/B) 

ho\(c [ 3] U:ng suS:t tru·qt theo hyperbol d¥g: 

r = r(t = 0) [(t + t1)/tv]-E 

& day: 
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(1.1) 
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. A, B, t 1, tp : c<l.c h!ng s5 chi ph1;1 thu{k vAo d¥ tfnh cUa h~ cha:t l6ng . 

. r, 17 : tu-ang li-ng 13 U:-ng sult tru·qt va. d{> nhCrt. 
- t : then gia.n 
Th.,c nghi~m cho tHy r~g, dm1i tac d'lng khOng diii cda. ngo;U I.,c, U:ng su1t tnrqt cda. cMt 

16ng xuc big'n se gi!m d'an theo thai gia.n va dl't gia trj can bling & mgt thai dii!m nao d6. Nh=g, 
1 day chUng ta. cln phan bi~t hai ph"m tru: ph~ tru th.,c tl! va ph~ tril ly thuye't. Vll m~t 
lY thuye't thi gici tzi c3.n b1lng c-d.a U:ng sua:t tnrqt chi c6 th~ d{Lt du-7c sau m{lt thCri gian t<i.c d{lng 
;i{t d3.i. Trang khi d6, tr~g thii cfm b~ng d1rqc ghi nh~n b~ng ccic ph1rang ti~n do d{l>C 1 c6 thg 
l\'t dU"qc sau m9t khoAng then gian th.,c tif ngiln hon. Ngoai nhilng yi!u t5 khi~ nhrr blm chift 
:da chift 16ng va gia trj cda. v~n t& biifn d\'ng ra, n6 chi ph'! thu9c vao d9 chinh xac cda thil!t bj 
1a may moe dung d~ nghi§n cU:u. D9 chinh xac cda thiift bj thi nghi~m cang ca.o thl • ., khac bi~t 
!iira hai ph\'m tru d6 cang nh6. Va nh~r v~y bii!u thU:c di~n ta tinh xuc bie'n ella chi!t 16ng th<la 
nin dtrqc hai yeu c'au chfnh: 

' ' • •.4 ~ ,( "' " • • .... - (J then d1em t = 0 1rng suat tnrqt dgng bang g1a tq ban dau. 
-a then dii!m t ra:t l&n thl U:ng suift tnrqt d\'t t6i gia tri can bling. 
T6m 1\'i, ham s5 d6 phM c6 ti~m 4n Ia d~rlrng song song v6i tr'lc then gian va bii!u thi gia trj 

:an bling cua U:ng suil:t truyt. Nl!u tH thl nhirng bii!u thU:c neu tren khOng thi! dap U:ng dlty dd 
:ac doi hcli dU"a ra. 

~ ' ~ ' A , 

2. PHUONG PHAP VA KET QUA NGHIEN CUU 

Cic thf nghi~m xB.c dinh ling sua:t tru·gt dU"gc tie'n h~mh & XNLD "Vietsovpetro" trong di~u 
lri~n v~n t& bie'n d\'ng khilng d<li tren may do d9 nh&t kii!u ro - to Rotovisco RV-20 cda hang 
HAAKE (Tiiy Due). May gl\m b9 do M5, b\) di~u khi<ln Rotovisco-20, b9 chuy~n d5i tin hi~u 
Rheocontroller RC-20, may 5n nhi~t va may vi tinh c6 trang hi ph'an m~m HAAKE rot 3.0, t., 
l9ng ki<lm soat toan b9 qua trlnh thi nghi~m. May cho phep 1%-p trmh d~ dih khi~n t5c d9 lam 
.C;lJlh miu d:iu trong may, thay d5i v~n tgc bie'n d~ng m9t ca.ch lien t¥c, tUy y va 3:n d!nh thOoi gian 
:hfnghi~m. 

Quy trlnh thi nghi~m til!n hanh theo tr\nh tl)' sau: 
M~u d'au va. camera ch-lra m~u cda m.iy drrqc nung Ien 45°C. Tigp dgn cho m[u v3.o mcl.y, cho 

nay ch~y v&:i v~n t5c bign d~ng va tgc d9 lam l~nh m§u nhlr da. d~t tru·&c trong chucrng trinh. 
{hi nhi~t do} d\'t gia trj 22 ho¥ 24°C thl giil mh & nhi~t d{> nay va tiifp tvc cho may lam vi~c. 
Ja.c gici tri li-ng su3:t tru·gt dU"qc miy vi tfnh t\1' d9ng ghi lc:ri theo thOi gian va nhi~t d<?. Nhli:ng s5 
i~u do se dung d~ xd: ly sau nay. 

Cluing tOi dit. tie'n h~mh nhi'eu thf nghi%m v6i c.ic di~u ki~n khcic nhau: 
- v~ t5c lam l;mh mllu: 0,15- 0,75°0/phut; 
- v~ tc5c bie'n d~ng: 0,7 ~50 1/s; 
- thai gian tic d9ng Mnh tlr thai di~m nhi~t d9 mh d\'t 22 hoac 24 °C; 
~ chuy~n d5i v~n t5c bie'n d{l.ng tlr cao xu5ng th[p; 
- tii tac d{>ng b~ng d.ch cho may lam "vi~c tr& 1\'i sau khi t\'m dlrng m9t thai gian ngil.n. 
Miu d'a.u dUng lim thf nghWm d1.rqc Ia:y tlr d.c mO B~ch H5va RBng ella XNLD "Vietsovpetro" 

•&i nhirng tinh ch~t ly h6a khic nhau. 
Cac s51i~u th.,c nghi~m d~rqc chuyi!n dili qua d\'ng dll thj r = r(t). Sau khi xem xet d\'ng cac 

tt.rCtng cong thlfc nghi~m rna. m9t sg nh1.1 di trinh bay tren cclc hlnh 1, 2 d~ mi'eu t! mSi tU'<Yng 
[Uan r = r(t), chUng toi dii ch9n ham hyperbollo¥: 

r(D = const) = tj(A + Bt) + C (2.1) 

D: v~n t5c bign d~ng, 1/s; 
Cac hltng s5 A, B, c d~rqc xac djnh bltng phrrong phap binh phm:rng C'!'C tii!u trong d6 

l = r(t = 0). Cac gia tri tinh toan dll'qc trlnh bay & blmg 2.1. 
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Bdng 2.1. Bimg tilng kgt cac kgt qui thf nghi~m 

cac thOng s8 
thi nghi~m 

Gi<t trj ccic h~ s6 Sa.i s5 

No Lo~d'a.u gifra Ghichu 
V~n V~n Nhi~t S5 tinh 
t5c t5c do? khi di~m to <in 
lam bign xac thvc A B c va th¥'c 
hpth d~ng dinh nghi~m nghi~m. 

•cjph 1/s T, 0 0 % 

Hiln hgp 
1 d'au 0,15 5 22 20 -3,4018 -0,0339 50,82 0,18 Hinh Nol 

m6 R1lng 

·-· 0,15 5 22 50 -5,5889 -0,0355 40,69 1,13 
Dlrng 

mci.y 30' 
2 va 

5 22 43 -23,5810 -0,2710 25,04 0,65 
kMi d9ng 

trlt 1~1 

3 ·-· 0,75 50 22 45 -3,4425 -0,0458 63,76 0,21 Hinh No2 

4 ·-· 0,15 50 22 44 -1,5929 -0,0308 99,24 0,54 

5 ·-· 0,15 50 24 37 -2,8528 -0,0361 66,21 0,33 

6 
D~u G14 

0,15 30 22 51 -0,8058 -0,0329 50,60 2,59 
m6 R1lng 

7 ·-· 0,15 5 22 38 -16,369 -0,3077 15,63 0,70 

D'au 
0,15 

m6 R1lng 
2 22 67 -25,694 -24,66 0,887 1,31 

8 a a. 
x~JY 

0,7 22 45 2760,3 12,1557 0,339 1,87 
ph~ gia 

D~um6 0,15 5 22 43 -1,1465 -0,0418 48,27 2,74 D giirn tlr 
i 
! 

9 5 1/s 
B~ch Hli 1 22 45 -1,1016 -0,1128 25,22 4,82 xu5ng 11/s 

10 
D~u G14 

m6 R1lng 
0,15 10 24 44 -0,3839 -0,0136 60,01 11 

D~u G14 0,15 10 22 80 -3,5062 -0,0616 20,71 0,41 D giirn tlr 
11 dii xdc ly 10 1/s 

ph~ gia 1 22 35 -203,51 -2,8398 4,681 0,52 xu5ng 1 1/s 
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Hinh 2. Shear stress vs shearing time 

-*- Experimental data -6- Calculated data 
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Khi nghH~n etl-u tinh xUe bie'n ella. d'au, ehUng tOi thiy r~ng, khOng phc\i hlc nito hi~n tu·gng 
3i t~o e§:u trUe eilng nhu x3.y ra, d~ minh chli-ng eho di'eu nay c6 th~ xem cie ke't quit thi nghi~m 
~0 8, 9, 11 & bing 2.1. 

Sai s5 rat nh6 gifra gii tri tinh toan va. thl!e nghi~m trong h'au he't eie trtrC:tng hqp, dOng thCri 
ri trl cie drrCrng eong tren cic d'O thj chtl-ng t6 tinh dUng d1n ella htr6ng nghien cli-u vi d¥\g ham 
;5 di chc~m. 

Nhll' viy, phll'cmg trlnh hru bie'n Hersehel-Bulkley d5i v&i cha:t lOng xUc bie'n se d1.rac vie't drr&i 
i~ng sau: . ~ - -- · T 

r(t) = ro(t) + ry(t)Dn (2.2) 

;rong dO: 
- Ung su[t trll'<{'t d\>ng Ia: 

r0 (t) = t/(A1 + B1t) + r0 (t = 0) (2.3) 

- D9 nh&t d~o Ia: 

ry(t) = t/(A2 + Bzt) + ry(t = 0) (2.4) 

& day A1, B1, A2, B2 lcl c<ic h~ng sO. 
C'an nh& r~ng, thai gian t = 0 khong c6 nghia Ia thai diilin kh&i d\mg may do d{\ nh&t rna Ia 

lUc miy d~t gi<i. tr! v~n t5c bie'n d9-ng cho tru·&c. 

" . 3. KET LUl}.N 

1. Cac ke't qua nghien cll-u cho phep kh~ng djnh Ia rnoi tmmg quan gifra 1i-ng sugt trU''?'t cda 
ch§:t lOng xU.c bie'n va. thCri gian tic d9ng trong di'eu ki~n v%n tOe bien d9-ng khOng deli cO th~ bi~u 
di~n & d{Lng t5ng quit b~ng h3m s5 hyperbol sau: 

r(t) = t/(A + Bt) + r(t = 0) (3.1) 

2. V6i. kgt qult nay chtlng ta c6 th~ giL bii toin d\f do<in thtrC:tng g~p trong thvc te' vi tie't 
ki~m ding k~ thOi gian dg tie'n h~mh cic nghien cli-u thvc nghi~m din thie't. 

Dia chi: Nhgn ngay 2/5/1995 
XNLD "Vietsovpetro" 
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SUMMARY 

THE STUDIES OF THIXOTROPIC PROPERTIES OF WAXY CRUDE 
OIL FROM WHITE TIGER AND RONG FIELDS 

As in production and transport of'wa.xy crude oil, and as in practical rheological studies of 
non-Newtonian liquids, it is very important to find and characterize its thixotropic properties. 
There are some ways to study this phenomenon, but still existing equations can not quantifeably 
describe the time dependent behaviour of thixotropic liquids with acceptable accuracy, using in 
this case an exponential or hyperbolic functions. 

The author has conducted the screening studies on viscosimeter Rotovisco RV-20 (Manufacture 
HAAKE, Germany) with different kinds of waxy crude oil from JV "Vietsovpetro" fields. Based 
on the received experimental data its analysis he propo~es a new equation showing a very good 
agreement between experimental and calculated data. In general the average deviation is less then 
2%, and the commune time dependance of shear stress at constant shear rate will be as: 

where 
T(t)- shear stress, Pa 
t- time) min 

T(t) = tj(A + Bt) + c 

A, B, C- constant values calculated from the experimental data using the least square method. 
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