Objectives_template

Module 3: Internal Flows

Lecture 13: Fully Developed Pipe Flow

The Lecture Contains:

B Introduction

B Velocity profile in a fully devloped pipe flow
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Figure 3.1 : Flow Development in Parallel Plate Channel

Introduction

The flow development in a parallel plate channel has been shown in Figure 3.1. Beyond the entrance
region, effect of viscosity extends over the entire cross section and the flow is said to be fully
developed.

P D pDPui,  pDPu,(Dft)y  pDPu,/t)  Inertia Force
‘0 = po opDu,  DPxpfm o R xptm o Viscous Force

Um is the mean velocity of the uid. The critical Reynolds number is usually considered as

Repc = 2300

Flow is turbulent for . . -~ 400 (generally) and laminar for pe < 2300

In between is the transition zone. The estimation of the entrance length ;. ) can be done in the

following way.

(;rBh)!m 2 005 Hep

10 < (I_") < 60

tur

We shall assume turbulent fully developed flow for r , /[3) = 10,

Mean Velocity :

Because velocity varies over the cross section, it is necessary to work with a mean velocity #iy;.

4

m = pugmA. = pumrD?/4, Rep = D
mDp

(3.1)

(3.2)
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Velocity profile in a fully developed pipe flow :
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Figure 3.2:

Hagen-Puoiseullie Flow through a pipe

The fully developed pipe flow is often called Hagen-Poiseullie flow (Figure 3.2). The general
governing equations are:

~ Continuity

v, v, lovy O,
_— = =0 3.3
ar + ro r oo & Oz ¢2)

= I Momentum

ey v, vy Ou,

o 3 oy
T "o T r T H
(3.4)
1 dp Pu, 10w, 1 v, Fu,  w, 2 duy
T e — ) —_— —_——_— _—— — e m— e ——
g O i art o dr * rd Jgl N a:2 T 28
=~ ¢ Momentum
v dv v O Up), ov
_':'—‘-l"r_¢I _é l=1“|‘ ﬂ‘l‘vz E (35)
at or r do r az
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~ Z momentum

dv, o v, N vy Ov, e v,
a o v do T 02

(3.6)

1 dp (if"a-; 18v, 1 &%, EF:;)

=———tV| =+t T 5= R
art oradr r? de? 22

p oz

For fully developed flow, vz is only non trivial component. v, = v, = [} From continuity,
{iho./D12) = 0 therefore, 1. = wv.(r, 2. 1)

Under steady state, @(anything)/adt= 0 flow is axisymmetric, (& [any variable] /d¢) = 0

Therefore,

v, = v,(r)

o

From r and ¢4 momentum equation, we get 2 == p(r. ¢»); p = p(=z) only

From z momentum equation , we get

. 10, _ldp
ir? w rdr  pdz

1 d |irh.-:j| 1 dp
—_— — r —_—

r dr dr | — ;_.f =

or,

(3.7)
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or,

dt' 1 dp r* _
- k)

" ;: dz 2

or,
de. 1 dp o 1
& mdz2t T

or,

1 dp )
. = s i P+ C Inr+Ch (3.8)

The boundary conditions are:

ar=0,v. isfinite= (; =

0
ar=rgv,=0 :“U—ﬁ“é (5
1 d
o Pz
Ay dz
o 1 f.ip 2 " 2
=g ()78 {“(a)}

using, 1, < 1 and z < r,.

dp r\2 (3.9)
ulr) = 1;: (ff: (r'n) .
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U= Umgr at T =10

Ap \dx ) °
2 0 T'E d - 2
tm =75 SUME ') | O L rdr
ra Jo dp \ dz To
or,
2 ( n :.FE.I') ‘,-2 !4 ro 1 (rz’jl) )
Ym =TT \ A, I 5 T 3.3 —— =] 75
i \dp da 2 g 1 Sp \ dx
or,
A [ a2
Uy = l Upnae  and u(r) =211 — (L) ]
2 thym D
Darcy friction factor,
] Ap  fLu?
1f = =
! 2Dy

g

. (Ap/L)D _ (—=dp/dx)D
pul /2 (pu,/2)
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Fanning's friction factor

Cf = + (3.15)
(02,2)
(—dp/dz) (D/4)

C: = : . A . 3.16
g (pu, /2) (349
As such

du

1 dp o 1 dp 1 dp D

p e — — ‘3'2_ — e E— == — —

. a (+-l,u ﬂ".r) <o ré 2dr Y 32 de ) 2
Therefore, (', — f;";l For fully developed laminar flow

f= (—dp/dx) (D)

(pus,/2)
Substitute
1 dp , g D
Upyy = —— —— Rep =
" Bpodr "o
Or,

. = (3.17)
pus /2 -"“L“D Rep
fully developed laminar flow f = 64
en
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For fully developed turbulent flow, the analysis is quite involved. At this stage, we may
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Valuesof £for new pipes

Riveted steel I-10 mm
Concrete 1.3-3 mm
Cast iron .25 mm
Galvanised iron (.15 mm
Mild steel 01.045 mm

Drawn tubing,
brass, lead, glass  0.0015 mm

Figure 3.3: Friction factors for pipes rely

rely on the experimental results, Moody diagram (Figure3.3). Friction factor is a functionof Reynolds
number and surface roughness. Correlations that reasonably approximatethe smooth surface:

f=0316 Re Y% . Rep <2 x10° (3.18)

f=0184 Re 15 . Rep > 2 x 10* (3.19)

Note that, (:Tf — f,.-'-l is constant in fully developed region

o —(dp/dxr)D
C pu/2
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] 2 : 2
f’”u; j iy \ .|r F’”ru
An = — dp = da (o — = f.
v [; f [. 3D oD 3T T) =T

f= 649 in laminar flow, and f — (),184 R{D f@r Rep = 2 % 10* (for turbulent flow)

However,from the above relation we get back and j‘ = ().154 R.ysj;m for Rep > 2 x 10# (for

turbulent flow) ‘—I""P pg = fLug, _ .ir
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