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Abstract- In this paper the mathematical analysis of two phase blood flow in capillary is
disease iron deficiency Anemia .There are two phase in the capillary one is plasma
(Newtonian ) and other is RBCs (Non- Newtonian . By the Fahreaus —Lindgvist influence the
blood flow of two single layers as from fleeting side to side capillaries .
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1):- Introduction-

Blood flow in arteries , arterioles , capillaries are read in hemodynamic[5] .The circulatory
system in the human body is divided into two parts pulmonary and systemic circulation .we
observe both two phase one is plasma and second phase is red blood cells . Circulatory system
deals with all the course of blood in the system[16].

Capillaries are small normally around 3-4 um, but some capillaries can be 30-40 pum in
diameter . The largest capillaries are found in the liver . Capillaries connected arterioles to
venules. They allow the exchange of nutrients and waste between the blood and the tissue cells
together with the interstitial fluid.

The Fahreaus —Lindguvist influence the blood flow of two single layers as from fleeting side
to side capillaries That blood flow possible through capillary those they are for enough from
pumping station that is heart. Core layer supposed to be Non- Newtonian pawer low because
here the ratio of blood cells is to high in the comparison to plasma (Upadhay

V ,2000).()Fahraeus effect , which is the heatocrit dependence on the vessels diameter.
Various rheological model of Non -Newtonian fluids are used in small blood vessels. Blood
vessels are often defined by combined two layer model [6].

Anemia is defined as a low number of red blood cells . In a routine blood test , Anemia is
report as a low haemoglobin or haematocrit .women are at risk of iron deficiency Anemia
because of blood loss from there periods and pregnancy .IDA happens because your diet have
enough of the mineral iron in your body . Your bone marrow needs iron to make hemoglobin .
The part of the RBc that takes oxygen to organs (medically revied by sabrina felson , MD on
August 11, 2000). IDA is the third greatest global health risk After obesity as unsafe sex [1].In
spite of increased iron needs many adolescence women / girl have iron intake of only 10-11
mg/ day[2].
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2):- Blood and its Composition —
Blood is composed of plasma and formed elements . The plasma contains water 91.5, and

Proteins 7% and other 1.5% . Blood is a fluid connective tissue composed of 55% plasma and
45% WBCs, RBCs and platelets . science these living cells are suspended in plasma ,blood is

known as a fluid connective tissue and not fluid [3].
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3):- Mathematical model —

1) Equation of continuity - The continuity equation of two phases — one is plasma and
second is core (cells )layer are equally distributed , then the blood may be treated as a

homogeneous mixture .
Vi =0 (1)

2) The equation of power low model in two phase Non- Newtonian blood flow —
t=ne™ is Constitution Equation of Fluids
If n# 1 = Then the Nature of fluids is Non — Newtonian . Where n is viscosity
coefficient. The constitutions equation is called Non- Newtonian Power Low model
. The strain rate is whole body between 5and 200 sec-1.[7]

Where 0.68< n < 0.80 blood flow (Upadhyay et al., 2012 & Kumar etal., 2017).
n.= Viscosity Coefficient of blood cells.

N, = Viscosity Coefficient of Mixture of two plasma .

np, = Viscosity of Coefficient Plasma .

AP= Pressure gradients.

AZ = Length of capillaries .

R = Radius of capillaries .

Q = flow flux.

4):-Boundary Condition —

1) The Velocity of blood flow on the axis of blood vessel at r=0 will be Maximum and finite .
Say v, = Maximum Velocity .
2) The Velocity of blood flow on the blood vessel at r=R when R is the radius of blood vessel.

This condition is Known as no Slip.

5):- Mathematical Formation —
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Power low is the simplest model that approximates the behaviour of a Non -Newtonian Fluid.
Blood is liquid form ,whenever Haematocrit (H) increase .The effective viscosity of blood
flowing in the arteries remote proximate heart depends upon the strain rate .the blood flow become

Non -Newtonian . in this model the study of RBCs becomes high .

Model of blood flow in capillaries —
Let The viscosity of core layer n,, and the viscosity of plasma layer n,, is give by . where

1. is the viscosity of blood cells phase and X is the portion of blood cells in unit volume .

NMm = ch + (1'X) np (2)

Circulatory System Capilary Blood Flow

oxygenated blood
from heart

venous
capilary

arterial \

capilary de-oxygenated blood
to heart

Figure (1)
Where T/ =stress tensor
7Y =shearing stress tensor .

The relative velocity of core layer with plasma layer .
Numerical analysis of model for human capillaries and Blood flow in two layer .
Equation of continuity —

The equation of continuity in tensorial form for Power law will be as follows[19]

1

g([gvt).

Equation of Motion -
Again the equation of motion is extended as follows [20]-

a i ) B P
pm - +(Pmv)V; = 7] (4)

Where TY is power law constitutive equation of power law model(2) . the density
of blood p,,,= Xp+(1-X)p, (5)

Nm = Xn¢ + (1-X) 1, is the viscosity of mixture of blood .

X= % is volume ratio of blood cells .
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H = is Haematocrit
where are the symbols have their usual meanings.

The above formula is repeated until a sufficiently precise value is obtained .
The blood vessels are cylindrical; the above equation have to be

transformed into cylindrical Co- Ordinate . As we know earlier.

X! =r,X?=0 ,X3 =z be cylindrical Co- ordinates.

[9:] be matrix of matrix tensor and [ g*/] matrix of conjugate matrix

1 0 0 1 0 O
tensor where g;; (O r? 0) gy=10 = 0
0 0 1 1
Metric elements g,,=1 g,,= 172, g33=1
— 1 —
Org11=1,922 = —~ 1 933=1
Christoffel’s symbols of second kind for cylindrical co-ordinate(18).

{ 1 }:_r { 2 }:{ 4 }= = Remaining others are zero
2 2 "2 1 1 2 r '
Physical components
Since gy, vi=wv. or v =v!
J922 V2 =vy or vy =rv?
J933 V3 =v, or v, =v?

Matrix of physical components of shearing stress tensor
Again the physical componentsof -P;g" is- /g;; P;g"
Matrix of physical components of shearing stress tensor
T =1, ()"
=N (gVE + gTovI )"
0 0 N

Tt = 0 0 0 (7)

MG 0 0
= is the covariant derivation

'ij— L Warn ) ©)

The governing tensorial equation can be transformed into cylindrical

ll] —_

The equation of continuity : Z—Z =0 9
The equation of motion :
r- component : - Z—Z =0 (10)
0 — components : 0 = 0 (11)
. a_p Um v, —
z- components : - —~ += - [r { } 1=0 (12)

Here , this fact has been taken in V|ew that the blood flow is axially symmetric in capillaries
concerned , V=0 and V. =0, V, and p do notdepend upon 6.

% _0v _0ve _0v; _
at ot at ot
6):-Solution -

Integration equation (9) we get
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v, =1, because v does not depend upon 6 (13)
The integration of equation of motion (10) yields.
P = p(z), p does not depend upon 6 (14)

Now , with the help of equation (13)and (14) , the equation of motion (12) convert in
the following form -

oz 3P {m 4 (r (@)n) (15)

dz r dr dar
d :
The pressure gradient - (d—Z): P of blood flow in the artery remote heart can be supposed to
be constant and hence the equation (15) takes the following form —

d dv\™\ _ P,
wr(@))= (16)
On integration the equation (16) we, get
dv\™_  pr?
r(%) =- ot A (17)

We know that the velocity of blood flow on the axis of cylindrical artery is maximum and constant . so that
is we apply the boundary condition atr =0, v=V,, (constant ), on equation (17) to get the arbitrary
constant A= 0 . Hence the equation (17) takes the following form —

1

. (g)n: _Pr? __ dv _ ( Py )z (18)

dar 2Nm dr 2Nm
Again integration the equation (18) we, get
1 1
~ P \n rﬁﬂ
V=-(5,)" e *B 19

To determinate the arbitrary constant B , the non- slip condition on the inner wall of the artery
atr=R,v=0, where R=radius of vessel , on equation (19)

1 1
+1

_( P \n 1n
B= (%) G
Hence the equation (19)takes the following form

l 1 1
V= (L)TLL(R;'I'l L r;'l‘l) (20)

2N/ n+l
Which determines The velocity of the blood flow in the capillary where P is gradient of
blood pressure and the velocity of the blood mixture is n,,.
Two layer blood flow one layer is Newtonian while The other is Non- Newtonian power
law —

Core layer |
(Non-Newtorsan)  Plasma layer(Newtonian)
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Now the velocity of blood flow can be obtained by interchange 7,, and n,, in Newtonian as

follows —
v, =ﬁ(}e2 —r2;R6<r<R (21
14
Where § is the radius of core layer .
The velocity of core layer is obtained as the formula of power law model —

U = (%)%ﬁ(ﬁ“ - r%“) +[ﬁ (R2—(R- 6)%—
m p

(ﬁ)zﬁ (R%“ — (R - 5)%“)] (22)

0O<r<R-9$

Where the second term is the relative velocity of plasma layer with respect to core layer

7):- Bio -Physical interpretation -
The flow flax blood in capillaries is -

szOR_5 U 2mrdr + fff_(g Vp2mrdr

1 1
_ (R=S[( P\ n (pi+1_ L4 P p2_ p_ sv2_( P\ n (pi1_
Q = |, [(%) m(R ro )+ R = (R= &) (—) n+—1(R

2n,,
1
—+1 R p 2 2
(R—9)n )}] 2mrdr +[p_ o [4—% (R —r ] 2nrdr (23)
8):-RESULTS-
Table no . 1 Haemoglobin V/S Blood Pressure in clinical data
Date HB Blood Haematocrit | Capillary Blood Pressure Drop | Blood Pressure in
(Haemog! | pressure | in(3HB) in Pascal- Pascal
obin) (BP)in (kg/m?3) - (*22+p) _(¥+D) Second
in  (gram | (mmhg) N 3 3 P=133.32
/dl)
11/05/22 | 8.5 110/70 0.02405 -17.22 -2666.45
20/05/22 | 8.6 110/80 0.024339 -18.89 -1999.84
2/06/22 | 8.5 100/80 0.02405 -22.22 -1333.22
13/06/22 | 8.7 120/70 0.024622 -17.78 -3333.06
30/06/22 | 8.8 120/80 0.024905 --21.11 -2666.45

Let H (Hematocrit )= 0.02405 and capillary blood pressure Drop BPD= 2666.45 pascal

second

1, =0.0271
np =0.0013
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Q= 425ml/min = 7.0833 m?/second

Z=19000m ( Approximate length of capillary )
R=0.0965 m (Approximate R radius of capillary )

5=§ R( Thickness of RBc layer )

6 =0.0322 m. and

R-6 =0.0643 m

AP 2666.45
P=""=

= =0.1403 m
AZ 19000

Using relation (2) and we find out
NMm = ch + (1'X) np
0.0271="n, =+ (1-=-) x 0.0013

0.02405
0.0271 = 1 2=24(1

0.02405

=) X 0.0013

n.= 107.27737394 pas
Again ,
Change to hematocrit

nm = ch + (1'X) np
Nm = 1.0727737394H+0.00129968

Now putting the values of 7, and Rin equation (23)

szoR_(Svam"dr + f;_SUPZm”dr
1
_ R-6|/ P \n n %-{-1_ 1.1 p 2 a )

(271’3m)r11n:l_1 (R;+1 _ (R 5)n+1>}] 2nrdr +fR 6[_ (R — 1'2] > rdr

1
_ 0.0643 0.1403 =41 1+1
= [(2x0.271) n+1 (R -t

1
0.1403 \n n —+1
(500007) 7i7((0.965)

0.1403

2 2
2B (0.0965)7 - 0.0643)° —

11 0.0965 [ 0.1403
(0.643)n )}] 2mrdr + o 0643 [4><0 o013 (0- 0965)° —r ]andr
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— _+1 2 0.0643 3nr;|-1 0.0643
Q= (0.25)x (0.0965)n H P N
1o o ;

0.0643
{26.98((0.0965)2 (0.0643)2 ) 21 H -
0

. 0.0643
(0.25)7 = (0.0965)7*" — (0.0643)7*'2n [é] }‘
0

-210.0964 470.0964
+26.98 (0.0965)? 21 [—] o [_]
2 10.0643 4 10.0643

1
n(0.0643)n

1
Q= [(0.25)? — ((o 0965)‘+1 x 0.01298 — ——

0.00167>+
= n 11
{0.001299—(0.25)n - ((0.0965)*" -

1
(0.0643)n"1 )0.01298} ]+13.23

n+1

1 1 1
Q=  (0.25)n ﬁ x (0.0965)=1 [0.01298 — 0.01298]  -(0.25)n ——

1
[0.0016711 0.0643n 0_01298] +13.23

3n+1

0.00167n.

Q=- (0. 25)n (0. 0643)n 25— 0.01298]+13.23

Q= -(0.01607)n - [0'00167"' _ 0.01298]+13.23
n+1 3n+1
Putting Q value
Q=7.0833m3 /s
1
7.0833- 13.23 = -(0.01607)n —= [""’0167"' - 0.01298]
n+1 3n+1

1
261467 = -(0.01607)n — [0'00167“'

n+1 3n+1

- 0.01298]
n= 3.241

Now putting all values in equation (23)
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1

1
R=6(( P \n n (pl+1 _ Lyg P p2 p_ s2_(P\ n (ptl_
fo [(E) m(R rn ) + {% (R (R 5) (E> ntl (R (R

1
5)5“)}] 2mrdr +f}f_(S [4%1) (R2 - TZI 2mrdr

1
— 0.0643 P \3241 3.241 1 41 B 1y p -
Q= Jo [<%> 341+1 (0.965)3-241 r3241 ) + {4_% (0.0965)

2 3.241 1 44
0.0643) —3_241+1((o_965)3.z41 _

1
(0_643)m+1>}] 2mrdr + [0 oo [ﬁ (0.0965)* — rzl 2mrdr
' P

Q= l0.005716 (L)O'gogsl

2NMm
AP )0.3085]

2NmXAZ

Q= l0.005716(

0.3085
7.0833= l0.005716 (19()A(fn ) ]

AP \_ { 7.0833 \0-3085
(1900 nm)_ (0.005716)
AP =8.9998x 1900 7,,, =17099.62 1.,
AP :17099.62(1.0727737394H+0.00129968)

AP =18344.02328H +22.2240
Table :2 Haematocrit v/s BP Drop :

Date Hematocrit BPD in pascal
11-05-22 0.02405 463.397
11-05-22 0.024339 446.475
11-05-22 0.02405 463.397
11-05-22 0.024622 473.890
11-05-22 0.024905 479.081

(a)Graphical presentation of Clinical data :
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Chart Title
- 3333.06
3000 2666.45 -
500 NN el
............. '1'999'-8‘4""""-‘----
2000
1500
1000
500
0.02405 0.024399 0.02405 0.024622 0.024905
0 ® . . . ‘
==@==hematocrit  ==@== BPD L8117 =10} ANSETTEPPIeS Linear (hematocrit )

Graph 1 : Hematocrit v/s Clinical BP Drop

(b)Graphical presentation of Mathematical Modulated Data :
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Chart Title
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Graph 2 : Haematocrit v/s Mathematical Modulated BP Drop

9):- Conclusion —
In Clinical Data graph (1) , mathematical data graph. (2) The graph between haematocrit
and blood pressure drop in iron -deficiency Anemia patient we have conclude that when
haematocrit increased then the blood pressure drop is also increased . and Shows a non linier
graph.
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