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SYNOPSIS 

The present thesis consists of f our Chapte rs I 

Chapter I presents a brief review of the previ ous 

studies ma inly related to the present work. 

Chapte r II deals with the facilitated diffusional trans­

port of 02 and CO
2 

through a medium (such as t J:" lung capil­

laries) which c ontains pr otein (haemoglobin in the present 

analysis), and in the last t ~iO Chapters. s ome pr oblems on 

stea dy ana -unsteady entrance flow of a visc ous inc ompressible 

fluid are discussed. 

In t he first pr oblem of Chapter II, a Simple mathematical 

model f or the faCilitated diffusi onal transport of 02 and CO2 

acr oss a membrane c ontaining haemoglobin has been discussed. 

This study is based on the experimental and analytiC works of 

Wittenberg (197 1) and Murray (1974) who cOnSider t he transport 

of oxygen in the presence of haemoglobin and myog l obin ~ An 

asympt otic s oluti on t o the baSic diffusi on equati ons including 

chemical reactions between the species oxygen-hae mog l obin and 

carbondiox ide-haemoglobin has been given. The available Physio-:­

l og ical da t a e.g ., the c oncentration of the gases in the alve olar 

reg i on and in the capillaries, diffUSion c oeffic i ents of haemo­

globin, car bondioxide and oxygen in the membrane, and tre rate 

of f orwar d an d reverse reacti ons f or oxygen and c arbondi oxide 

respective l y ~Iith haemogl obin. have been used in t he analysis. 



A relationship ~s been observed between the saturation 

functions for 02 and CO2 which is in agreement with the well 

known Bohr effect and Haldane effect, Guyton (1 971). It has 

been concluded that to the first order of approx 1mation, the 

concentrat1on of the dissolved CO2 and correspondi ng saturation 

function are found to vary linearly with the distance while 

this is not the case for °2 • 

The motivation for the second problem of Chapter II is 

provided by the transport of 02 and CO2 in the pulmonary capi­

llaries. H;)nce we cons ider the diffus ion of 02 and CO2 in the 

presence of haemoglobin when the species have atta ined equili-

bration in the capillaries while the governing e quations in 

the two pr oblems would be the same (system of n onlinear second 

order ordinary differential equations), the main difference 

would be in the boundary conditions. We have obtained solution 

in the closed form in this problem. 

It has been concluded that at equilibration, most of the 

haemoglobin has combined with the 02 and very little free haemo­

globin is' left. Further, the amount of carbaminohaemoglobin 

(HbC02 ) at equilibration is negligibly small • 

• Chapter III contains t wo problems on stead:;' development 

of laminar axisymmetric flow of an incompressible v iscous fluid 

from the entry to the fully developed region in a straight pipe 

C'l f radius a . 



The d8velopment of the flow has been divided into three 

regions (i ) inviscid core, (ti) boundary layer an d (iii) the 

downstream region. The analysis is based on t he "~ thod of 

matc hed asymptotic expansions. 

In t he first proble m, it is a ssumed that the fluid 

enters t he pipe with a constant axial ve lOCity w a nd a constant o 
.. 

swirl vel ucity 
Aw r' 

o 
a , where r' is the radia l c o- ur dinate and 

A is the swirl constant. Solution in different reg i ons has 

been obtained for various values of A. It is f ound that the 

s olution f or the developing fl ow breaks down wren the axial 

dis t ance x = 0 (Re ) . This n on-unif or mi ty f or l arge x has been 

x res ol ved by introducing a new s treamwise co-ordina te I; = Re ' 

whi ch reduces the analysis t o t he pr oblem discussed by M. Kiya, 

Shoichiro Fukusako and Mi k i o Ar ie (1971). 

In the second proble m uniform entry con di t i on is consi-

de red and the r e sults for flo\~ ne ar the e ntry are found to be 

in good a greement with t he nun~rical s oluti on of f ull Nav ier­

St oke s e qua t i ons obt a ined by Friedmann, GiLas and $ ron (1 96 8 ). 

The solution for developing fl o\,i breaks d own f or s treamwise 
a ­Wo 

distance x = O(Re), where Re = -- , Vi being t he characteristic v 0 

ve l oc ity a t the entry. Acc ordingly, we intr oduc e a stretched 

streamwi se co- ordinate I; = ~e in terms of "hic h t he ne \'J pr ob l e 1"J 

is set up t o determine the d Ol'Klstream fl ow whi c h is f ound t o 

coincide \~ith the pr ob le m discussed by Hornbec k (1 964 ). 



L • 

It has bee n shown that a s the s wirl velocity increases 

a t the entry , the axial velocity tends t o increase in the cor~ 

r eg i on close t o t he e ntrance but further downstream, it tends 

to incr ease ne a r the wa ll a nd dec rea ses ne a r t he pipe axis. 

It is found that t he axi al s kin friction is not i n f luenced by 

the swirl par ame ter nea r the entrance r egion. 

In Cha pter IV, t wo proble ms on unsteady deve lopment of 

laminar axisymmetric flow of an inc ompressib le viscous fluid 

from t he entry to the downstream r egi on in a stra i ght pipe a nd 

a curved pipe , respective l y have bee n studied by us ing the 

me thod of matched asymptotic expansions. 

In the f irst pr oble m, t he entry c ondi t i on ljas bee n 

a ssumed as , 

w(t') = Wo Q(wt'), 

where t ' is the time , 1.. is a t y pica l time s ca l e of the moti on 
w 

a nd Wo i s t he characteristic ve locity a t t he e n t ry . The only 

restricti on on Q(wt') is t hat it s hou l d a lways be positive 

(no reversa l of t he fre e strea m) i.e ., 

Q(wt ') = 1 + Cl 1 Sin wt', wher e 0 ~ Cl1 < 1. 

The deve lopment of the f low has bee n divided int o three 

regions. It is found t hat t he solution for t he deve l oping flow 

br eaks down when the axial dista nce x = 0 (€ -1), I-/]lGre € = :.W 
a nd a is the radius of the pipe . 

wo 



This non-uniformity for large x has been resolved by 

introduc ing a new streamwise co-ordinate E;: = EX, \-I hic h reduces 

the analysts to too problem discussed by T.J. pedl ey (1 972) 

f or l arge va lues of x. Too effect of the outer bounda r y layer 

on t he core flow has a lso been obtained for t he d 01JIlstream 

regi on. 

It has been shown t hat with an increase in too va lue 

of 0:
1

, the axial velocity tends t o increase near t Ile core 

re g ion close to the entrance, but furtOOr downs tream , this 

effect becomes negligible. It is found that t he upstream 

axial velocity is maximum near t · = ~ and minimur., near t = p, 
wOOre t = wt ' .• 

Too sec ond problem deals with the entry fl ow in too 

ascending aorta. The a na l ysis follows closely t he a ppr oach 

made by Singh (1974) f or the steady entrance fl ow tn a curved 

pipe. The entrance velocity is assumed as 

\'I = Q (t) , Q(t);" o 
1 + or coso: 

'IOO r e t i s the n on-dimensi ona l time , 0 denotes t!1e curvat ure 

effec t, r is too r adi a l co- ordinate and 0: i s t he 2.zi muthal 

a ngle . The availabl e phyS i ol ogical data · f or t he Ci r cu l a ti on 

system of human are t aken int o a cc ount for estii"atin g t oo 

orders of magnitude of too parameters arising in t he d imension-

less e quations of motion. Boundary layer analysts is applied 



t o dete r mine t he effec t of curvature a nd a dVerse pressure 

gr a dient (a ss oc iate d with t oo primary f l ow ) on t he .. ,all 

s ooar. 

(., 

The s tudy s hows ho\~ t oo negative wa ll s hea r a nd ba c k 

fl ow near t oo wa ll devel op during tre l:J.e celera t ing phase of 

t he cycle a s t re bounda r y l ayer gr ows. Als o it i s s hown 

tha t how t he increa Sing effect of the sec onda r y 1' 1 0 1'1 due t o 

curv ature dra ws off slower mov ing fluid a zimut hi'tl l y from the 

oute r be n d to t oo inner bend a n d induces a cros s -f lol~ of 

fas t e r moving fluid from t he inner bend to t re out e r ben d 

whic h r esults in thinning of t he boundar y l ayer a t too oute r 

ben d a n d Us thi c ke nning a t t he inne r ben d . This i mplies 

increased Ha ll shea r a t t he outer be nd in c ompari son to t he 

inne r ben d as the f low develops f urtoor downstre am whi c h is 

in c ontrast wit h tre initia l s t a ge s of t re moti on ncar the 

e ntrance where t he h i ghe r wa ll s hear occurs a t t he inner 

bend due to t oo e xterna l fl ow a nd ge ome tric fact ors . The 

a na l ysis s hows t hat t he displa ce ment eff e ct of t ie boundar y 

l ayer on t he core is n ot signif i c ant due t c t he fac t t hat t he 

boundar y l aye r r emains t h in a bout 1/1 0 t h of t te 'cube di amete r. 
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