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TOM TAT

Xdc dinh ddc tinh ciia cdc loai chdt long ¢6 ¥ nghia quan trong déi véi chdt long sir dung
trong cong nghiép, ciing nhi la cdc chdt long khdc nhuw san pham khai thac dau khi, chat long bom
ép giéng, som, ... Bai viét ndy tdc gid xem xét moi quan hé gita tng sudt trieot va ty sudt trieot ciia
cdc loai chat long, sau d6 sir dung mé hinh thi nghiém dang dung cu quay ong long dé xdac dinh
cdc thong $6 ddc tinh: do nhét dong luc, do nhot deo, ung sudt truwot ban dau, chi sé dic trung
dong chay, hé s6 sét va ty sudt triwot ban dau ciia cdc logi chdt long Newton, Bingham, Power Law,
Robertson-Stiff va chat Iong Casson, tir d6 trng dung dé xdc dinh cdc théng sé ddc tinh cia cdc logi

chdt long twong g trong cong nghiép.
Tw khéa: Chat long; Ung sudt trueot; Ty sudt truot.
ABSTRACT

Research on behavior of fluid models means great deal to fluids in industrial and other
lequids as oil petroleum product, pains, ... This topic the author determines relationship between
shear stress and shear rate of fluid models and use rotating-sleeve viscometer model to establish
behavior parameters. absolute viscosity (1), plastic viscosity (u ), yield stress (t,), consistancy
factor (k), flow behavior index (m) and shear rate intercept (s ) of fluid models: Newton, Bingham
plastic, Power Law, Robertson-Stiff and Casson fluid. From that application to determine behavior
of fluids in industrial.

Keywords: Fluids; Shear stress; Shear rate.
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1. MO PAU

Trong cong nghiép va ky thuat co rat
nhiéu loai chat long dugc st dung. Tuy nhién, ta
phan ra 1am hai loai chinh 1a chat long Newton
va chat long phi Newton [1]. Mdi loai chat long
c6 mot dic tinh riéng biét dic trung cho chat
long d6 va quyét dinh dén tinh nhét, cau trac,
dic tinh chay,... ciia chat long. Chét long (dung
dich) ngoai trir nuge str dung trong cong nghiép,
ky thuat, dac bi¢t trong cong nghi¢p dau khi,
bao gdm dung dich gdc nude, dung dich gdc
dau, dung dich pélime, dung dich bot,... toan
bo déu 1a chit 1ong phi Newton. Chat long phi
Newton c6 rat nhiéu loai, chéng han nhu chat
long Bingham, Power Law, Robertson-Stiff,
Casson, Herschel-Bulkley,... [2]. Chat long
dang dung dich co thé thudc mot trong cac chét
16ng trén hodc c6 thé 1a chat 1ong phi Newton
khac ma co dic tinh gidng hay twong tu nhu céc
chat long trén.

Viéc nghién ctru xac dinh dac tinh cua
cac loai chit long c6 mot ¥ nghia to 16n d6i véi
cac nganh cong nghiép, nhat 1a viéc lua chon
chat long khoan phi hop.

2. QUAN HE GIUA UNG SUAT TRUQT
VA TY SUAT TRUQT CUA CAC LOAI
CHAT LONG

MBbi loai chat 16ng mé ta dic tinh dong
chay cua no6 thong qua quan h¢ todn hoc gitra
Ufng suat truot (1a luc tac dung trén mot don Vi
bé mat tlep xuc giita hai 16p chat long) va ty suat
trugt (t1 sd giita @6 chénh léch van tbc cua hai
16p chét 1ong va khoang cach giita ching), dai
luong nay chinh 1a gradien van tc theo chiéu
thang g6c voi phuong chuyén dong cua cac 16p
chat long Déi v6i chat long Newton ty s6 glua
{mg sut truot va ty sudt truot 1a mot hang sd.
Dbi v4i chat 1ong phi Newton mdi quan hé gitta
hai dai luong nay phuc tap hon.

2.1. Chit 16ng Newton

Chét long Newton dugc xéc dinh bdi
moi quan hé:

T=s (2-1)

Trong d6: t - Ung suét truot; s - Ty suat
truot; p - PO nhadt tuyét doi.

2.2. Chit 16ng phi Newton

Chét 16ng phi Newton bao gdm cac loai
va cd bicu thuc mo ta nhu sau [2, 3]:

2.2.1. Chit léng Bingham dwoc xdc dinh béi
moi quan hé:
T=1, TS (2-2)
Trong do: 7, - Ung suit ban dau; u -bo
nhat déo.

2.2.2. Chét léng Power Law dwoc xdc dinh
boi moi quan hé:
T=ks™ (2-3)
Trong d6: k - Hé s6 dam dic (hé sb sét);
m - Chi s0 dac tinh chay.

Hé s6 dam dic k biéu thi do dam dic
ctia chét 1ong va 1a dai luong twong tu nhu do
nhét biéu kién. Khi k ting thi d6 dam dic cua
chét 16ng tang.

Chi s6 dic tinh chay m cho biét dic tinh
phi Newton ctia chat 1ong. Khi m =1, cong thirc
chét long Power Law trd thanh cong thirc chét
1ong Newton. Khi m > 1, chit Iong 1 dang chét
long truong ng, dé nhét biéu kién tang khi ty
suét trugt ting. Khi 0 <m < 1, chét 1ong & dang
cAu trac gia déo. Céu triic gia déo thé hién tinh
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lodng tmg suét tirc d6 nhot biéu kién giam khi
ty suat truot tang.

2.2.3. Chit léng Robertson-Stiff dwoc xdc
dinh boi moi quan hé:

T=k(s,+s)" (2-4)

Trong do: s, - Ty suat trugt chan.

2.2.4. Chit léng Casson dwoc xdc dinh béi
moi quan hé:
T= (T00’5 + sto’s)z (2_5)
2.2.5. Chit long Herschel Bulkley dwoc xdc
dinh bang moi quan hé:
T=1,+ks" (2-6)
Chat l6ng nay it khi gap trong thuc té.
Do vay, phan sau tac gia khong dé cap dén.

Ngoai ra, con nhiéu chit léng phi
Newton khac nhung tac gia chi dé cap va tinh
toan cac thong sd dic tinh ctia mot s6 chét 1ong
néu trén.

3.XAC PINH THONG SO PAC TINH CUA
CAC LOAI CHAT LONG

3.1. M6 hinh thi nghi¢m xic dinh Gng suat
trugt va ty suat trugt

Mo hinh thi nghiém gém hai 6ng tru
10ng nhau [2]. Trén dng tru trong c6 gan thiét
bi do m6 men xoan. Chét 16ng dién day khoang
giita hai 6ng try. Trong qua trinh thi nghiém,
dng tru trong dimg yén, 6ng tru ngoai quay
(hinh 3-1).

Thiét bi do m6é men hoat dong dya trén
nguyén tac doc gbc xoan cua 1o xo, véi moi loai

10 xo0 ¢6 lyc dan héi khac nhau va dugc quy
chuan. Theo gbéc xoan 10 xo, ta xac dinh dugc
mod men xoan:
M =0.M, (3-1a)
Trong d6: M_- M6 men xoan; Mdh - Mo
men xoan dan hoi trén mot dd goc xoan; O -
Goc xoan.

Can cur vao kich thudc, ta xac dinh duoc
ung suat truot trén Ong tru trong:

T, = Lo
' 27 2 (3-1b)

Trong do: 7, - Ung suét truot trén ong
tru trong; r - Ban kinh Ong try trong; I - Chi€u
cao Ong try trong.

%%

Hinh 3-1. M6 hinh thi nghiém xac dinh ddac tinh
chat long

Hinh 3-2. Cdc I6p chat long chuyén déng véi vin
toc khdc nhau
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Khi 6ng try ngoai quay, chat long gitra
hai éng tru c6 hinh anh nhu nhitng 16p tru vanh
khian dong tam, 16p no truot trén 16p kia, nho
vay hé thdng dugc can bang. Luc quay lam cho
16p nay trugt trén 16p kia can bang véi luc ma
sat gitra cac 1op.

Ta xét hai 16p chat long c6 ban kinh r,
r, nhu trén hinh v& 3-2, ta co:

M, =F r =2tmlr? (3-2a)

M, =F ., =2t nlr?, (3-2b)

Trong do: M,, M, - M6 men tac dong

1én cac 1(’)]:) chat léng, F, F2 Tong lyc tac dong

l1én lop chat long, r,, 1, - Bankinh 16p chat 1ong;
, - Ung suit trugt trén céc 16p chét 16ng.

M6 men tac dong 1én ca khéi tru chat
long 1a nhu nhau, nghia la:

dl
Hay: Tz - T] 2
r

M=M,=M,=...

Khi ta xét cho 16p chét 1ong ¢ ban kinh
r bat ky, thi:

T=1 L2 (3'3)
Y
Trong d6: 7 - Ung suat truot tai vi tri bat
ky, T, - Ung suat trugt tai ong tru trong; y - Ty
sO ban kinh ctia 16p chét long bat ky va ban
kinh dng tru trong, y = t/r; 1, - Ban kinh ong tru
trong.

Mo ta chat 1ong trong truong hop tong
quét bang quan hé gitta ing suét truot va ty suat
truot, ta co:

s=1f(r)véit= r, Lz (3-4)
Yy

Mit khac, van tdc gbc tai mot diém bAt
ky dugc xac dinh 1a mot dai lugng cua ty suat
truot.

Tt hinh vé, ta c6:

v 3 (m+dm)(r+dr )—wr

dr (r+dr)-r
av ®
Hay: —=F + o +do (3-5)
(v Ar
I
+Ar
r
o) m +do

Hinh 3-3. Sw chuyén dich giita hai 16p chdt long

Cong thuc (3-5) cho thdy su thay dbi
ctia van toc theo ban kinh. Hai dai lugng cudi
ciia cong thic (o + do) thé hién su thay doi
ctia van toc nhung khong gay ra sy truot. Vi
vay, su thay ddi van toc theo ban kinh tao ra su
truot hay Uing suét trugt chinh 1a dai luong tha
nhét. Do do, ta ¢6 thé viét:

dv d w
=—= (3-6)
dr dr

Cho nén viét lai cong thire (3-5) theo y,
ta duoc:

dv dw
S = — =

— 3-7
P (3-7)

Ca hai cong thic (3-4), (3-7) déu biéu
dién ty suat truot, do vay ta co:

f(r) = yl—da) haydw = f(T).Ldy
dy y
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Tich phén hai vé biéu thirc va sip xép
lai, ta duoc:

o= [Lr (o) (3-8)
y
Van tdc goc cua 6ng ngoai xac dinh
thong qua toc dd quay, trong qua trinh thi
nghiém chi c6 dng ngoai quay. Con gia tri y
bién doi tir 1 dén b = r /r. Ly tich phan theo
can, cong thirc (3-8) trd thanh:

27n &1

= | —f(r)d 3-9

50 J y (1)dy (3-9)
Trong do: r - Ban klnh ong ngoai; r -

Ban kinh ong trong, b - Ty s giita ban kmh

ong ngoai va ong trong; n - Toc do vong quay

ong ngoai, vong/phut.

Cong thtre (3-9) cung véi cong thire (3-4)
dung dé tim g suat truot tai ong tru trong doi
v61 moi toc d§ vong quay cho céc loai chat 16ng.

3.2. Ung suit truot trén dng tru trong cia
cac loai chat 16ng

3.2.1. Chit léng Newton

Chét 1ong Newton dugc xac dinh theo
cong thirc (2-1), do vay ta co:

Tt
s=flr)=—=—
7"
Thay cong thic (3-10) vao cong thuc
(3-9) lay can tich phan bién doi, ta dugc:

(3-10)

nnb *p

ST s (b 1) (3-11)

3.2.2. Chat long Bingham

Tt cong thuc (2-2), ta co:

s=f(r)=—"r -2

© 0

(3-12)

Thay cong thtrc (3-12) vao cong thuc
(3-9) rdi tich phan va bién doi, ta dugc:

2
_2b {ZNnqur

TS 60 T, In b} (3-13)

Céch tinh tuwong tu, ta c6 cong thirc tinh
ung suat trugt tai ong tru trong doi véi cac chat
long con lai.

3.2.3. Chit léng Power Law

T[nb 2/ m

T k[15 m(b?'" -1)} G-19)

3.2.4. Chit Iéng Robertson- Stiff

2b2m 27n "
T‘_k{m(b“”—ﬂ[ 50 +s,n b” (3-15)

3.2.5. Chit léng Casson

2b(b - 1)t%° + \/4b2(b —1)%1, + 2b%(b* - 1)(%7 7,0 b]

T, =

(3-16)

(b*-1)

3.3. Ty suit truot trén 6ng tru trong ciia cic
loai chat 16ng

O trén, ta xac dinh tng suit truot tai
ong tru trong, theo két qua d6 ta hoan toan xac
dinh dugc ty suét truot cua céac loai chét long
khac nhau trén 6ng tru trong.

3.3.1. Chit Iéng Newton

Tt cong thuc (2-1), ta co:

T_hay St =
y7j

Tt
s = L (3-17)
7,

Trong do: s - Ung suét truot trén tru trong. &
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Thay cong thirc (3-11) vao cong thuc
(3-17), ta duogc:

2
_ n nb )

st_15(b2_1) (3 18)
3.3.2. Chit léng Bingham

Twr cong thuc (2-2), ta co:

— T, -7
s=2"%0 hay g, =2 (3-19)

lLloo /LlOO

Thay cong thic (3-13) vao cong thuc
(3-19), ta dugc:

_ a2, T 2b2|nb_1 320
5 15(b2—1)+uw{(b2—1) (3-20)

Tuong tu, ta co ty suét truot tai 6ng tru
trong cua cac chat long con lai.

3.3.3. Chit léng Power Law
s = mnb *'" 3-21
‘ 15 m (b?'™ - 1) ( )

3.3.4. Chit léng Robertson-Stiff

_ p 2m 2b*'"In b
T mT(me-"m-wﬂsﬂ{m(bz*m-U 1}(3'22)

3.3.5. Chit léng Casson

(b-1)2t,% + \/4b2(b—1)210+ 2b%(b? 71)[“”“* -

. 0 T, In b]
. - (3-23)

(b* = 1)ut*

3.4. X4c dinh cic thong s6 dic tinh ciia chit 16ng

Dua vao cong thirc tinh toan Gng sut
truot, ty sudt truot trén day, khi ta do duoc
ung sudt truot trén 6ng tru trong tai mot s6 toc
d0 khac nhau, ta hoan toan xac dinh duoc cac
thong s dic tinh cia chét long. Sau déy 1a cac
thong s chi dinh dic tinh cta céc chat 1ong.

3.4.1. Chiit léng Newton

Tur cong thirc (3-11), ta c6 dd nhét dong
luc hoc cua chét long Newton:

1517, (b2-1)
H= nnb ?

3.4.2. Chit léng Bingham

(3-24)

Véi téc d6 quay n, dya vao cong thirc
(3-13), ta co:

2
Ty = 22b 27Tn1M°°+10Inb
b* -1 60

Vi toc do quay n,, ta co:

2b® [2nn
r,2=b2_1[ 602u”’+roln b}

O téc d6 quay n,, n, khac nhau nhung
g suét ban dau va do nhdt déo khong thay
d6i. Do vy, can clr vao hai phuong trinh trén,
ta xac dinh dugc hai thong s6 dic tinh cua chat
long Bingham:

- Do nhot déo:
— 15(b2_1)(T12_Tt1) (3_25)
- n(n,-n,)b?
- Ung suét truot ban dau:
T, = (b _1)nzrt1_n1rt2) (3-26)

2b%*In b(n, — n,)

Trong d6: 7, 7, - Ung suat truot do
dugc trén Ong tru trong tai toc d§ quay n, van,.

3.4.3. Chit léng Power Law
- Chi s6 dic trung dong chay m:

O tdc dd quay n,, theo (3-14), ta co:
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. _ TH[15m(bz’"“ - 1)}

Tfn1b2/m

O tdc do quay n,, theo (3-14), ta co:

. Tt2(15m(b2’m - 1)]

2/m
nn,b

Do k khong doi, ta chia hai biéu thic
cho nhau:

T o (anm
T t1 n 1
Logarit hoa hai vé, ta duoc chi sd dic
trung dong ché%r:
g T t2 //t t1

g n, /n,
-Heé sd sétk, 6 toe do quay n,, theo (3-14)
ta c6 h¢ so sét tinh theom va 7, :

. _ Tt1[’|5m(b2”“ = 1)Jm (3-28)

T[:n1b2/m

Chtng minh twong tu d6i v6i cac chat
long con lai.

(3-27)

3.4.4. Chat long Robertson-Stiff

- Ty suat trugt ban dau:

1/ m 1/ m
n(nztn - N, T, )

s, = - , 3-29
" 30 mbGm-1l") (3-29)
- Heé s6 sét k duoge xéc dinh:
k=, mO-b"") (3-30)
Yl 2nn,
—+2s,Inb
15

Trong do: m dugc xac dinh theo cong
thirc g vai1 3 toc do quay khéac nhau:

T, 1/m(n3—n2) (n n1)
(rj (na-m){%j o)~ 1G3D

3.4.5. Chit long Casson
- Ung suét truot ban dau:

4b*Inbln, -n,)

2
1= {413(13*1)(”:?‘“{5 - an?25)7J1a)z (b’1)2(n21ﬁ5 - nwtfzs)z 78b2(b2 ’ﬂln b(nztn - nwt«zxnz - n|)} (3 _3 2)

- B4 nhét déo:
30 { e, (b7 = 1)- 4b(b - (z,7, )" .- b} (3-33)

" an 2b’

Trong tat ca cac cong thirc trénn,, n, n,
la toc do vong quay cua Ong 16ng v6in, > n, >
n, va cho ung sudt trugt T Ty T, tONg g,

4. KET LUAN

Bing cac cong thirc tir (3-24) dén cong
thirc (3-33), két hop véi qua trinh thi nghiém
dé do tmg suat truot trén ong try trong, ta hoan
toan xac dinh duoc cac thong sd dic tinh cia
cac loai chét long Newton, Bingham, Power
Law, Robertson-Stiff va chat long Casson. Két
qua tinh toan theo cac cong thirc ndy c6 thé ap
dung trong thuc té cho do tin cay.

Nhu vay, st dung phuong phap giai tich
trén, ta co thé xac dinh dugc céc thong s6 dac
tinh cua tat ca céac loai chat long, néu céc chat
long d6 duoc mé ta bang biéu thirc toan hoc cua
hai dai lugng ing sut truot va ty Sut truot. <%
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