Pressure loss calculation
Design Input for pressure loss double wall air pipe calculation.
- Fluid 	: air
- Double wall pipe (stainless steel) with outer pipe OD89mm, wall thickness 3mm, inner pipe OD61mm, wall thickness 2mm. the air will blow into the void between inner and outer pipe
- Pipe distance : 7m.
- Number of 90 degree elbows : 7 pcs
- Number of plastic support to inner pipe : 9 pcs
- Air flow capacity 30 m3/h equivalent 0.0083 m3/s.
- Air velocity = 0.0083/0.002529 = 3.3  m/s
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1. Major loss due to friction calculation.
1A. Hydraulic diameter 
[image: ]

[image: ] [image: ]

dh = 4 (π ro2 - π ri2) / (2 π ro + 2 π ri)
    = 2 (ro - ri) 
= 2 (41-30) = 22 mm

1B. Friction Coefficient   λ 
The friction coefficient - λ - can be calculated by the Colebrooke Equation:
1 / λ1/2 = -2,0 log10 [ (2,51 / (Re λ1/2)) + (k / dh) / 3,72 ]  
where
Re = Reynolds number
v = velocity  (m/s)
ρ = density of air (kg/m3)
k / dh = the relative roughness - or roughness ratio
Reynolds Number for a Pipe or Duct
For a pipe or duct the characteristic length is the hydraulic diameter.
L = dh
where
dh = hydraulic diameter (m, ft)
μ = dynamic or absolute viscosity (Ns/m2) (calc. at 0 deg C)
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The Reynolds Number for a duct or pipe can be expressed as
 Re = ρ v dh / μ
Re = (3.3 m/s) (0.022 m2 ) (1.23 kg/m3) / (1.79 10-5 Ns/m2)
Re = 4988.7
Turbulent flow indicates that Colebrooks equation (9) must be used to determine the friction coefficient - λ -.
With roughness - ε - for stainless steel 0.0015 mm, the roughness ratio can be calculated:
Roughness Ratio ε = k / dh
    = (0.0015 mm) / (22mm)
    = 0.00006818
Using the graphical representation of the Colebrooks equation - the Moody Diagram – or refer to (http://www.advdelphisys.com/michael_maley/moody_chart/) the friction coefficient - λ - can be determined to:
λ = 0.0375
The major loss for the 7 m pipe can be calculated with the Darcy-Weisbach Equation (3) or (6):
ploss = λ ( l / dh ) ( ρ v2 / 2 )
= 0.0375 ((7 m) / (0.022 m)) ( (1.23 kg/m3) (3.3 m/s)2 / 2 )
= 79.9 Pa 
2. Minor loss due to change of velocity in bends.
pminor_loss = ξ (1/2) ρ v2                                       (1)
Loss coefficient elbow’ ξ  usually more and less 0.2 for regular 90 degree 1,5D.
Delta P = 1.5x0.5x1.23x3.32=10 Pa 
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Hi Chestermiller , can you please advise as following:
· My calculation to major loss due to friction calculation is correct or not?
· My calculation to minor loss due to change of velocity in bends is correct or not? 
· The pressure loss to inner pipe support ring is quite difficult as I really have no idea how to calc. because the shape of the air hole is odd. Can you please provide your thoughts?
· [bookmark: _GoBack][image: ]
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Minor loss coefficients for some of the most common used components in pipe and tube systems
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Pressure and Pressure Loss

According the Energy Equation the total energy in a fluid can be summarized as elevation energy, velocity energy and pressure energy. The Energy
Equation can be expressed as:

P1+pvi2/2+pghy=p2+pve?/2+p g2+ Dioss (1)
where
p = pressure in fluid (Pa (N/m?), psi (Ib/in2))
Ploss = pressure loss (Pa (N/m?), psi (Ib/in?))
P = density of fluid (kg/m?, slugs/t3)
v = flow velocity (m/s, fts)
g = acceleration of gravity (m/s?, ft/s?)
h = elevation (m, 1)
For horizontal steady state flow v4 = vand fis = hp, - and (1) can be transformed to:
Ploss = P1- P2 (2
The pressure loss is divided in

- major loss due to friction and
- minor loss due to change of velocity in bends, valves and similar

The pressure loss in pipes and tubes depends on the flow velocity, pipe or duct length, pipe or duct diameter, and a friction factor based on the roughness
of the pipe or duct, and whether the flow us turbulent or laminar - the Reynolds Number of the flow. The pressure loss in a tube or duct due to friction,
major loss, can be expressed as:

Ploss =4 (1/dp) (02 /2) ®

where

Ploss = pressure loss (Pa, N/m?)

A = friction coefficient

1= length of duct or pipe (m)

dp = hydraulic diameter (m)

Eq. (3) is also called the D'Arcy-Weisbach Equation. (3) is valid for fully developed. steady incompressible flow
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Hydraulic diameter can be calculated with the generic equation
dp=4A/p )
where
dy = hydraulic diameter (m, t)
A = area section of the duct or pipe (m?, ft2)

P = "wetted" perimeter of the duct or pipe (m, ft)
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Hydraulic Diameter of Circular Tube with Circular Tube on the Inside
The flow is i the volume between the inside and outside pipe.
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Based on equation (1) the hydraulic diameter of a circular duct or tube with an inside duct or tube can be expressed as
dp=4(Tr2-mrd)/2mre+2mr)
=2(r0-1) 3)
where
ro = inside radius of the outside tube (m, ft)

;= outside radius of the inside tube (m, )




