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Non-Newtonian Fluids

Samart Mool-Amart
Department of Biotechnology

Faculty of Technology Khon Kaen University

Abstract

Non-Newtonian fluids are those which exhibit inconstant viscosity and
do not follow Newton's law, whereby thelr viscosity varies either with the
duration or the rate of shear. The viscosity of non-Newtonian fluids is therefore,
an essential property to be considered while selecting appropriate equipment or
unit operation in industrial processes. This manuscript presents an overview of
the definition and types of non-Newtonian fluids as well as the methods for
studying flow properties of such fluids. An example of the calculation of agitation
power required for non-Newtonian fluids are illustrated
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Viscoelastic fluids
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Description Rheograms Constitutive Apparent Viscosity
equation B =(—av/ dy)_l
Newtonian T
n r:_uiv_ WL, =W =constant
dy
—dv/dy
Pseudoplastic T 4 Decreases with
(power law) )" Increasing shear
Mg =Kl -
p e oo o dy rate
—dv/ dy |} / - K( d\’) n—1
P
Dilatant T Increases with
(power law) H, B K( PR increasing shear rate
e dy - K( dv) n—1
—dv/dy ol Ha =272
Binghamplastic T Decrease with
U, = Tas K(— dv) increasing shear rate
T, 0 dy

—dv/dy

when yield stress

T 1s exceeded

T

O —

- +K
Ha (—av/dr)
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TATW T UAY —dv/dy

danniaiiinisivarasasinadenasinasmpmsasmusadon  1azldam

v v € ' . . . . :’/ ad v X
FUNUDYRIAN consistency index Wav flow behaviour index 13 2 Apevatl (5]

n=n (5)
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v ['s
YN K’ xL‘?muaq’lugﬁ‘uaamﬂuﬁsxammwwﬁ@ (viscosity coefficient, v ) eN&
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N power number (MQW/L"JEJ)

P e, Jis

N FRUNINIU, Tev/s

D, Wushugudnanlunau m

Aavuiunasing kg/m'
a
e 2
1 d‘ " L - -l
AAINYRY F}mﬁummﬂua fmsue 01'“ auaumIﬂ 31530
Flow-Property Constant
Fluid Ref

; Ns"" N/s™
g {[T) K(_E
m m

1.5% carboxymethylcellulose in water

3.0% CMC in water

4% paper pulp in water

14.3% clay in water

10% naplam in kerosene

25% clay in water

Applesauce, brand A (297 K),
density = 1.10 g/cm3

Banana puree, brand A (297 K),

density =0.977 g/ cm’
Honey (297 X)
Cream 30 % fat (276 K)
Tomato concentrate,

5.8 % total solids (305 K)

0.554 1.369

0.566 417

0.575 912

0.350 0.0512

0.520 1.766

0.185 0.3036

0.645 0.500
0.458 6.51
1.00 561
1.00 0.01379
0.59 0.2226

(11]

(11]
[12]
(13]
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aehslsfiansien Reynold number dwiuvasivanauihnladiavasiinaaejsenndy
13 | o - A’ A si’ R R A 1
gawnnnuasluathlafien Wasmneuvilafiuang (apparent viscosity) avilenlal

A:l A:I v A [ I a v v
asfuarazidemlumaendannisdiausaranamanaslvaluvia ddnwianly (s, 7)
I@Hlﬂ%mﬂ’nu%ﬁ@ﬁimamaa (average apparent viscosity, M) fWTUNIM
Reynold number @3NS
03 Np

NRe,n = n (9)

s ey a . 2 v w
Tunsifvasivavauialadieuwidulumangonimds  imenansamenuduiug

FEITNAN W, UaLFEaTIMTaau (dv/dy) Lo

NINFNNING power law

= K[—ﬂ] (10)

da (dv/dy)  f0 Senmadauady y fa spevng (m)

dvsusasivatiladioud » awihiu 1 defunnaansd 10) azlé

tfaiwnsiifiduasivataladious K Tuaumsngonids fdem p, e

Wamanmst (10) uay (11) auldl

n-1
W, = K(ﬂj (12)
dy
- av

Metzner wavamsy [67] I0vhmaveassuaswidanmaiaunie (dv/ dy)

av

AWSUTRIauUL pseudoplastic (n < 1) azilmuwaaullmumanan$izaimniu (V)

AIFNMT
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v _ 1IN (13)
dy

dlasanssmsi (12) way (13) azlél
ng =11V K (14)
WP IAENMITA (9) aid

DINTT

e Tk

non-Newtonian
Newtonian

71 3 eudfiudyessmwasemluntanaudmiulunouuuy flat-six-blade turbine with disk

Tusaslwaialaviouuscusuialawiow 671 b, /w=s,L/W -5/4, D/J=10

aums‘fi (15) luen Reynold number ﬁi"ﬁém%ﬂummmv flat-six-blade
turbine with disk ‘M2e4Ma) pseudoplastic Fefledaiutsing N p HAE Npg,
Fasnalpadudsrluguit 371 dawduitvaslidmiinastvatladoue) 'ﬁazga;"mam'qm
mn‘gﬂﬁ 3 dldnmsld bafle 4 uasen D, /U=10. D, W =5 ua
L/W=5/4 di D, D, o @whugudnarasianuuarlumumudid J fa
ANNNITBNHY baffle L @B ansemzadlumu way W Aeananeadiumu

n‘stﬁﬁaaasmdmad‘lwaﬁﬂmﬁwuamauﬁﬂmLﬁaﬂugﬁﬁ 3 avflmwiautuludag
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Reynold number @t’dLWi 1 14 2000 aniugig Reynold number 10 fl9 100 Lﬁ?&uﬁﬁ
ANNLENGITY Tasaaslva pseudoplastic a¢dien power number Yaendwasivaiiale
e sUuuunsivasasesiva pseudoplastic TudsnouasiimsiAemnasenaiEaan
nimaalvaiialodiau maaiwaﬁagjﬁmmn‘l,umuamazﬁmsmgauﬁmemL‘%mun‘iaamﬂﬁ
aamitags Tosadmiulunauuuy fan turbines Uy propellers m@@m&m‘l@‘ﬂmaﬂms
GANGRIVA

. a4 4 P a vow
Sammadowade (dv/dy)  sodulaiduifue & Tuanms (13) S fudu
ad o A o o d o PPV IR A
nsdiiduluniugiiodu duew 1 Gadudasilusamsi (13) asiieulfenliavagiv

TROUDI LN IUGIENMT [16]

v _ k; N (16)
dy

da &, fa mesfiraslunmudusetilumnad 3

Wasamanmsa (9), (12) usy (16) arldanmIdm$y Reynold number 289784

Tnauauihlafiauiidulimang power law dwiulunusiiosenen daaams

DiNETT
kK

NRe,n -
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Impeller k,
6-Bladed turbine 11 - 13
Paddles 10 - 13
Propellers ~10
Herical ribbon ~30
unasgy)

andiuldmasinaveuilaiteuslogimnevaesiio msdnnifeafunmand
X b 1 v o v A guv af 1 =]

mswasesanswoniaoudgaenndudon  dayamsanmiidaillion  aehalsfimams
2 va \1 \1 AI “ A o LA =
Anwn e dnisinazaszasaveuiiladanivindinacsbasionssuaumande
wazgasmnIsimansriladinasfisdastiummwonilaasmzgnamnssuneas 1w
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