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5. Energy equation for a flow in a pipe with pressure loss.

5.1 The first principle for a 1D flow is stationary and without external work.
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The energy balance is written: AQ + AW = AE = A(rie)
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Where m is the mass flow rate. In this case, heat loss is caused by friction; the only non-zero
work is that of the pressure forces at the entrance and exit of the control volume. The net

power lost as heat is: AQ = Q5 — Qo = Qner
The power developed in the form of work is equal to:
AW = —A(pvs) = —[(pvs)s — (pvs).], v is the velocity of the flow.

If we apply the first law equation to the control volume shown in the figure, we find:

: . . v?
Onec — [(PV3)s — (pvs).] = AGre) = [1i (u + = + g2)]
with m = puvs, (v velocity and u internal energy). Rearranging the terms gives:
2 2 ) . ~ne
Inet — (Us —u) = (E + v7s + gzs) - (ﬁ + Uf + gze) With Qe = %
If there is no friction, we must find the Bernoulli relation, then the term:

Gnet — (us - ue) =0
According to the second law of thermodynamics if there is friction, then As=AQ/T>0:
Gnet — (Us —u,) >0 and @ — (us —u,) = friction losses
In general, the energy equation for a stationary incompressible flow between two stations (1)

and (2) is written:

2 2
P v P v
2tttz =2+a; 2+ 2z, +hy
Py 2g Py 2g

The factors a1 and a2 compensate for the velocity profile, which is not uniform; if the latter is
uniform, a1 = a2 =1. The height of losses is due to viscous losses. To find this height, let's

compare the equation found with the equation:



Ap-pglsin@ _ 2t

z Which is also written

A . 27l
L _lsing =2
pg pgr

We note that Ap = p; — p,, 2z, — 2z, = lsinf and v, = v, for constant section pipe. Also :

2 . . 27l 41
7 =2y whichgives: h, = — =%
D pgr ~ pgD

6. Linear or major pressure losses
Consider a circular pipe in which a fluid flows. If the flow is developed, the pressure drop is:
Ap =F(p,v,D,u,l,€)

With ¢ is the roughness of the internal surface of the pipe. Ap=pi-r,
(1) (2)
el 5.
The dimensional analysis glves —=F (va o D)

p?

If we assume that the pressure drop is proportional to I/D we can write:

=59 (55) =59 (Re5)

2

The term %% is called the friction coefficient f. So for horizontal pipe:
P

1 2
Ap = prV? where f = ¢(Re,§>
For fully developed laminar flow f = Z—‘: independently of &/D. For turbulent flow f =

# (Re'5)

The energy equation is written:

b1
+a,—+z —+a—+z +h
pg 129 17 g 2ok

With hy is the linear pressure loss if the pipe is horizontal and the section is constant:

Ap =p1 —p, = pgh, with by = f;g

. . l 2
Which gives 1~ P2 = pg(22 — 21) + pghy, = pg(z, — 21) + f-p

The dependence of f on Re and &/D is plotted on a so-called MOODY diagram where f is given

as a function of Re and relative roughness &/D.



These maps do not give the coefficient with high accuracy, as an error of 10 percent is
considered acceptable. To reduce the error, the coefficient of friction can be found by
calculation using some expressions resulting from the experiment, such as the Colebrook

equation, which is used in the case of turbulent flow, which is written:

¢/p 251
——20- /D
= —2.0-log <3.7 +Re\/7>
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Moody Diagram

It is noted that this expression requires applying a numerical method to solve it because f is
given in terms of f. There is a more straightforward expression than Colebrook's expression,
called the Haaland equation, which enables the calculation of the coefficient of friction for

turbulent flow directly, which is:

1.11
1 € 6.9
— =-1.8"log <Q) +—

Jf 3.7 R,

7. Minor pressure losses

They are present when the fluid passes through the valves, elbows, tees, etc. The pressure loss

in these organs is noted by himin.



v2 v?

In general, K. depends on geometry and velocity; sometimes, minor losses are given

. . 2l v?
in terms of an equivalent length, leg, then: hy,im = K|, ;’—g = f%;'—g.



