


' ~ ~ ~ 

( !S 

\ 
~..-

v C""ó 
::j 

!:\' 

S in11dation of I..:Jc r schel-Bulkley Fluids 111 Sudden Expa n s ion s 
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Tlt is work pr~sents l.ltt~ numeric:al solut.iou of in­
comprp_c;sihll' Hersdtci-IJnlkll'y Anic! flows throngh a 
t.wo-dimcnsional d1anucl wi1.11 .. j . , ;;udden expan­
sion ratio ns ing th~ Generali1.ed 1'\ewtonian Liquid 
morlcl. The governing equat.ions are solved using 
the finite differencP.c; expli r.it. Ruuge-Kutta three­
stagcs sr.ltmne for sec:onrl ordr.r time anrl spacc ap­
proximi\t.ions. 

Hcrschr.I-Bulkley fluids are a cla<>s of non-
1'\cwt.onian Auids that rr.quirr. a finite stress, known 
as yielci st.ress, i o or.lcr t.o cieform. Thcrefore, thesc 
materiais behave as rigirl solids when the local stress 
is below this value. Once thr. yield stress is ex­
ccedr.d, t.he material flows wit.h a non-linear stress­
strain relationship either as a shear-thickening fluid , 
ora shear-thinning one. Some examples of fluids bc­
having in this manncr include paints, food products, 
plastics, pharmaceutical product.s and polymer so­
lut.ions. Thc non-Nr.wtonian Aows analysis is vcry 
int.eresting in the case of suciden expansions. 

Expansions have import.ant. applicat.ions in en­
gineering processes likc in refrigcrat.ion, extrusion 
anel frec jet.s. The sturly of l\ewt.onian flui<! Aows 
t.hrough a sudden expansion of various ratios and 
condi tions is a classical problem which has been 
ana.ly1.ed by many workers. So, it is well known 
t.hat t.hE'.Se flows present. a criticai Reynolcis, depcncl­
ing on t.lte expansion ratio, in which t.he problem 
has t,hree solut.ions, corr<>.sponrling to a bifurcat.ion 
in t.he 1'\avier-St.okes equations: t.lte symmet.ric onc 
(unstable) and t.wo asymmct.ric (stable). Increasing 
the Rcynolds number, the solut.ion becomes thrcc­
dimensional aJld time dependent. 

For non-1\ewtonian Aows, such investigation is re­
cent. anel t.here is not much information about it. 
So, t.his st.ucly presents result.s comparing the New­
t.onian and Herschel-Bulklcy fiows t.hough a sudden 
expansion. Simulat.ions are pcrformed for R.eynolds 
nurnhcrs (R.e) ranging from 30 t.o 300 and Bingham 
numbers (Bi) from O (Newt.onian) t.o 5. Results 
show agreemcnt. wit.h those found in the literaturc. 

As an example, figure 1 shows strcamlinP.'i for 
Rt = 130 and Bingham numhers from O to 5. Thesn 
n~~u l t s show tlta.t. t.he vort.ex sizr clec:reas!' wlten t.hr 
Biughaut uurnhc!r is il> c:rc~n.~r.d . Thc~rr.fon! , t.IH' crit.i­
c;tl Re,Ynolds for t.hesc! rluids an! highc!r when c:o111-
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pareci to thc l\ewtonian r.ase. 
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Figure 1: Streamlines for Re=l30 and a) Bi=O, b) 
Bi=0,2, c) Bi= l e d) Bi=5 
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