PIPE FLOW MINOR LOSSES

In this lesson, we will:

. Discuss how to account for minor losses: Equivalent Length or Minor Loss Coefficient
. Show how to incorporate minor losses into the head form of the energy equation

. Show values of minor loss coefficients for elbows, valves, expansions, inlets, outlets, etc.
. Do some example problems

Review of Major and Minor Losses and the Energy Equation

Our “workhorse” equation: Head form of the energy equation from inlet 1 to outlet 2:
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We previously discussed how to deal with Major Losses (fully developed sections of pipe):
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We calculate Darcy friction factor f from the Churchill Equation,
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Note: We drop the negative sign for parameter 4 since exponent 16 is even.
[Pointed out to me by Dr. John Torczynski, Private Communication, September 2022.]

Now let’s consider Minor Losses (components other than fully developed sections of pipe).
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Sample Values of Minor Loss Coefficients

Table 8-4 of Cengel and Cimbala, Ed. 4. Rounding of an inlet
'/ makes a big difference. w

Pipe Inlet
Reentrant: K, = 0.80
(t<<Dand /=~ 0.1D)

Sharp-edged: K; = 0.50 Well-rounded (r/D > 0.2): K, = 0.03
Slightly rounded (r/D = 0.1): K, = 0.12
(see Fig. 8-39)
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Convention: The larger speed (the speed associated with the smaller pipe
V2
=K, —

section) is used in the equation for minor head loss, 4, . =K, e
g
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Gradual Expansion and Contraction (based on the velocity in the smaller-diameter pipe)

Expansion (for 8 = 20°):
K, = 0.30 for d/D = 0.2
K, = 0.25 for d/D = 0.4
K, = 0.15 for d/D = 0.6
K, = 0.10 for d/D = 0.8

Contraction:

K, = 0.02 for 8 = 30°
K, = 0.04 for 8 = 45°
K, = 0.07 for 8 = 60°
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Bends and Branches
90° smooth bend:

90° miter bend

90° miter bend

45° threaded elbow:

Flanged: K, = 0.3 (without vanes): K, = 1.1 | (with vanes): K, = 0.2 K, =04
Threaded: K, = 0.9
-\\ 45°
V i Y i V i wwﬂw Y
180° return bend: Aee (branch flow): 4& (line flow): Threaded union:

Flanged: K, = 0.2
Threaded: K, = 1.5
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Flanged: K, = 1.0
Threaded: K, = 2.0
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Flanged: K, = 0.2
Threaded: K, = 0.9

V i

LINE

K, = 0.08
1
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For tees, there are two values of K, one for branch flow and one for line flow.

Valves

Globe valve, fully open: K, = 10
Angle valve, fully open: K, = 5
Ball valve, fully open: K, = 0.05

Swing check valve: K, = 2

Gate valve, fully open: K; = 0.2

+closed: K, = 0.3
iclosed: K, =2.1
2closed: K, =17
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Example: Major and Minor Losses
Given: Water at 20°C (p = 998.0 kg/m?, 1= 1.002 x 1073 kg/m-s) flows at a steady

average velocity of 6.45 m/s through a smooth i

1
pipe of diameter 2.54 cm. The flow is fully E@ b | :
developed through the entire section of pipe. The === :
total pipe length 1s 10.56 m, and there are two : 1 :
elbows, each with K; = 0.90. ' Control © :

1 |
To do: N

(a) Calculate the total irreversible head loss in
meters and the pressure drop in kPa through this section of piping due to both major and
minor losses. \05
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Example: Fully Developed Turbulent Pipe Flow With Calculated Minor Losses
Given: Water at 20°C (p = 998.0 kg/m?, 2= 1.002 x 10~ kg/m-s) is pumped by a small
aquarium pump from a lower tank to an upper tank as sketched (not to scale).
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Pipe diameter = 10.4 mm

w

Average roughness inside the pipe t;&('0.0104 mm

Pipe length = 15.8 m

The surface elevation difference is 4.13 m

Volume flow rate = 2.06 L/min

The elbows are smooth and threaded; the inlet and outlet are sharp
The efficiency of the pump/motor assembly is 76.7%

To do: Calculate the electrical power (in W) that must be delivered to the pump motor in
order to pump the water at the given flow conditions.

Solution: Everything is the same as the example of the previous lesson except that we need
to calculate the minor losses, which were given in the previous lesson.
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