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Reynolds Number, The Entrance Region



LAMINAR FLOW uﬁhhl\ Ol

Laminar flow is a type of fluid flow where the fluid moves in
parallel layers, with each layer flowing smoothly and without
much disruption (or mixing) between them.

In Laminar Flow, the fluid flows in
layers sliding smoothly over one

Characteristics of Laminar Flow:
another.

« Smooth and parallel motion.
* No mixing between fluid layers.
, the velocity profile is parabolic. (the
velocity is zero at the pipe wall, and at highest speed
at the pipe center).
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TURBULENT FLOW g_..bl:.&\i\ Ol

Turbulent flow is a type of fluid motion characterized by chaotic and irregular fluctuations, where fluid
particles move in random, intertwining paths rather than in smooth layers.

Characteristics of Turbulent Flow:
» Chaotic and unparallel motion.
* Intense (High) mixing between fluid layers.
» Flatter velocity profile (the velocity is zero at the pipe wall, but
the velocity profile is flat at the pipe center).
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REYNOLDS NUMBER

It is a dimensionless quantity used to predict the type
of flow whether it will be laminar or turbulent. It is 100,000~
defined as the ratio of inertial forces to viscous
forces within a fluid and is given by:
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where p = fluid density in kg/m’

2
Re = P VD V = fluid velocity in m/s 100 T‘:
€ = D = pipe diameter in m £
r w = fluid viscosity in Ns/m® 10- [
Although most blood flow in humans 1s laminar, having a Re of 300
or less, it is possible for turbulence to occur at very high flow rates in  Fa{s 7l BN 1100111 Flow type
the descend.mg aorta, for e.‘f{ample, 1n .hlghly Cc-)r}dltloned athletes. Re < 2000 Laminar
Turbulence is also common in pathological conditions such as heart )
murmurs and stenotic heart valves. 2000 < Re <4000 Transitional (&)
Stenotic comes from the Greek word “stenos,” meaning narrow. Re > 4000 Turbulent

Stenotic means narrowed, and a stenotic heart valve 1s one in which the
narrowing of the valve 1s a result of the plaque formation on the valve.



1.4.2 Example problem:
Reynolds number

Estimate the Reynolds number for blood flow in a retinal arteriole, using
the published values from Gilmore et al. Assume that the blood density 1s
1060 kg/m”. Is there any concern that blood flow in the human retina will

become turbulent?
From Table 1.1, we see that the inside diameter of the arteriole 1s 0.008 cm,

the mean velocity in the vessel 1s 3 cm/s, and the viscosity measured as 0.0035
Ns/m”. The Reynolds number can be calculated as

ke 3 m 0.008

1060 m
pVD m” 100 s 100
Re = —— = = 0.73
L Ns
0.0035 —
m

For this flow condition, the Reynolds number 1s far, far less than 2000, and
there 1s no danger of the flow becoming turbulent.




THE ENTRANCE REGION

The entrance region of a pipe is the section
immediately following the inlet where the 7uid
velocity profile adjusts from uniform to the fully
developed shape.

The is where the
velocity profile stabilizes and no longer
changes along the pipe’s length.

In the entrance region, the flow begins with a relatively flat
velocity profile and then develops an increasingly parabolic flow profile
as the distance x along the pipe increases. Once the flow profile becomes +—entrance region fully developed flow
constant and no longer changes with increasing x, the velocity profile
does not change. The region in which the velocity profile is constant is

known as the region of fully developed flow.
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Figure 1.10 Entrance region and fully developed flow in a tube.



THE ENTRANCE REGION
LENGTH

The entrance region length is estimated using the Reynolds
number. The ratio of the entrance length to pipe dimeter for
Laminar Flow is:

XE Xt = the entrance length.
3 = ().06 Re D = pipe diameter.

Consider the following example: If Re = 300, then X; = 18 D, and an
entrance length equal to 18 pipe diameters 1s required for fully developed
flow. In the human cardiovascular system, 1t 1s not common to see fully
developed flow 1n arteries. Typically, the vessels continually branch, with
the distance between branches not often being greater than 18 pipe
diameters.



PRESSURE GRADIENT OF THE ENTRANCE REGION

The pressure gradient is the derivative of pressure with respect to . . Y v Tes s .. )
distance along the pipe. Mathematically, the pressure gradient is o Al baall ddlda o bl laad)
written as dP/dx, where P is the pressure inside the pipe at some QAQJ Gy sy Job oladl Abludl

| point and x is the distance in the direction of flow. In the region of fully
developed flow, the pressure gradient dP/dx is constant. Qn the other  ¢.ay) Jala biall Jiad P oy s dP/dx
hand, the pressure gradient in the entrance region varies with the
P position x, as shown in the plot in Fig. 1.11. The slope of the plot is the Ol oladly ddlual) y g
pressure gradient. ) L. ..
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Figure 1.11 Pressure as a function of the distance along a pipe. Note that the pres-

sure gradient dP/dx 1s constant for fully developed flow.
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EXAMPLE il b
Ayl (1
A fluid flows at 18 mm/s in a pipe of 0.07 cm diameter. JalS gl dakaia (0685 ) asnd S slhaall Jshll (2
Find the following: e 26/6.c5 0.005 5 3a/pxS 800 i slusi dxn 530 5 ALY ) (20 i)
1) Reynold number. (S
2) What is the length required for the fully developed
region to occur. (25 5 Qlsd) g3 ele o alaiy 8 ALY (o g ol 138 of Ty
(Assume the density and viscosity to be 800 kg/m?3 and A L JV gl e ypaié
0.005 N.s/m?, respectively). (blood flows in a blood vessel ....etc.)
— Alk) A Gl el ga gl algh ) al ) clua 2 JY) Gllaal)
SOLUTION ase LS Aluald 0 ilAl) aadind Sua (ol - (L)
1) Re= pVD _ 800+(18%1073)%(0.07x1072) — 2016 ) - . Jifaa gl u:a 32 ASJ;.\:'{ (‘5;) :f‘*ﬁ‘
W 0.005 dipa GilS 1), Ak b 2l 2000 e J8) A gh ) a8 dad ol Lay

(Flow is laminar) &3 83 g a3 ol o) cisiaa qutlal ) gl
2) The fully developed region occurs in the pipe after

the entrance region. The length of the entrance B9 Jalsl) gt} Alhaia ) 4S5 S o M) Jghal) o) sa (ALY cullaall
region X¢ is estimated from % = 0.06Re e J skl 138 g (uniform) Laiiie olsadl L 5% A dahial)
Xg 4 345 (entrance region length) Jaal 4ikia sk

Xp = 0.06 * D « Re = 0.06 * (0.07 x 1072) x 2.016 <33 (FassSila 10 Msa) Juall 128 (A haa 5 s g Aad o) Badld
X; = 0.0000098784 m = 9.8784 um i)kt jral



EXAMPLE

A fluid flows at 20 cm/s in a pipe of 1.7 cm diameter.

Find the following: Lo cal (m 1.7) 0 k8 il (A (B 20) Ao o (50m0 @le 1l
1) Reynold number and classify the flow as either o . 1
Laminar, Transitional, or Turbulent. (ol ) Al ) «3‘4{3533 Ol wiay calsh P8, (1
2) What is the length required for the fully developed . ) ) AR 508 5 gt gt (2
region to occur e 245,35 0,001 5 36/asS 950l shass A g 1 A4S o (s
(Assume the density and viscosity to be 950 kg/m3 and (s

0.001 N.s/m?, respectively). , . ) ;
i G () il G 4l Alghy ) ) Glua 2 J gY) qullaal)

SOLUTION » . -G:‘Z‘J‘ LAS ?u:ﬂwo\,gsm\
1) Re=£2_ 950+(201107)+(174107%) _ 4,0 (A Ol 4000 5 2000 O S A sh ) ad ) Aad () Lay
€= T 0.001 -

The flow is Transitional A9 Jalsll ) ghail) dilaia ¢ oS0 P a3 Jhall ala) g8 (S calhaal)
v gkl 138 5 (uniform) Laiite ol ad) Wb ¢ sSs Al ddlaial)
2) Find the length of the entrance region. Xg 4 349 (entrance region length) Jaial) ddkia Jgh

X 2 ga LaS
FE = 0.06 Re (2 ahanh

Xz = 0.06 %D x Re = 0.06 x (1.7 x 1072) % 3230

Xy = 3.294 m



EXAMPLE

In the previous example, what would be the
velocity in the pipe so that the flow becomes
turbulent?

SOLUTION

_ pVD
K

Re

950 =V * (1.7 * 1072)

4000 = 0.001

4000 = 0.001

V = cCIm
950 % 1.7 % 102

m
= 0.2477— = 24.77
S S

The velocity should be equal or greater than
0.2477 m/s
V>0.2477 m/s
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Example (part A)

A fluid having a density of 850 kg/m? and a viscosity of 0.0015 N.s/m? flows from a tank into a straight pipe of 0.8
cm diameter at a velocity of 30 em/s. Classify the flow as either laminar, transitional, or turbulent, and find the
length of the entrance region.

Solution

pVD _ 850%30%1072%0.8x10™2
u o 0.0015

Re = = 1360 Laminar

X
FE = 0.06 Re = Xz =0.06x0.8x10"2x1360 = 0.653 m

Example (part B)

Using the information provided in part (A), determine the type of flow (laminar, transitional, or turbulent) if the
velocity increases to 98 cm/s.

Solution

pVD _ 850%98%102%0.8%x10 2
uo 0.0015

Re =

= 4442.67 Turbulent



