
DESIGN EXAMPLE – DILUTE PHASE PNEUMATIC 
CONVEYING 

 
A plastics production plant wants to increase the capacity through an existing conveying 
system.  The existing system has 6 inch ID pipes and is configured as shown in the 
diagram below. 
 
The High Density Polyethylene (HDPE) particles have an average size of 4 mm.  The 
conveying gas is at 68oF.  The existing blower can produce 1375 SCFM. 
 
The desired capacity increase is from 20,000 lbm/hr to 30,000 lbm/hr.  Can the existing 
blower and pipe system meet this increase in capacity? 
 
Assume the pressure drop across the cyclone is 5 inches of water.  The pressure drop 
across the blower inlet pipe and silencers is 0.3 psi.  The pipe bends have R/D = 6.  Pipe 
roughness is k = 0.00015 ft.  The particles have density pρ  = 59 lbm/ft3.  Terminal 
velocity of the particles is  = 30.6 ft/s. tU
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SOLUTION 
 
Push conveying systems are conveniently calculated from 
exit to inlet (the exit pressure boundary condition is 
known).  Hence, on the figure the points at which the pipe 
line is segmented are labeled ‘a’ through ‘g’ from exit to 
inlet. 
 
a-b Cyclone 
 
Pa = 14.7 psia (exit atmospheric pressure) 
 
Pb-Pa =  = 5 inches water (given) cycloneP∆
 
Pb = Pa +  = ____________ cycloneP∆
 
b-c Horizontal Pipe 
 L = 325 ft 
Use density and velocity values at point ‘b’ 
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Gas friction factor, from Churchill’s equation 
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k = 0.00015ft, Re = 363,037 

 
f = 0.00419 

 
 

 
 

 
 
Gas density at point ‘a’from ideal 
gas law 
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Pb = 0.18 + 14.7 = 14.88 psi 
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Viscosity is insensitive to pressure 
At 68oF 
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Solids mass to air mass ratio 
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zλ  for particles with dp > 500 microns 
 
 
 
 
 

   = _________ 
 
 

   = _________ 
 
 

 zλ  = ____________ 
 
 
Hence 

  __________ =∆ bcP
 
 
 
 
 
 
 
 
 
At point ‘c’ 
 

 Pc = Pb +  _________ =∆ bcP
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µ  = 4.833 
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zλ  = 0.001564 
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At point ‘c’ 
 
Pc = 14.88 + 1.729 = 16.61 psi 
 

gV  = 101.3 ft/s 
 
 
 

gρ  = 0.0850 lbm/ft3
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c-d Pipe Bend 
  = ___________ cdP∆
 
 
 

 For 6>
D
R    B = ________ 

 
  = ___________ cdP∆
 
At point ‘d’ 
 

 Pd = ___________ 
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d-e Vertical Pipe 
  = 50 ft z∆
 
 
 
 
 

f = _________ 
 

Fr  = _________ 
 

zλ  = ____________ 
 
 
     = ________ 
 
 
     = ________ 
 
 
 
      = _________ pV
 
 
 
 

 
µ  = 4.833 from previous page 
(loading is constant) 
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B = 0.5 for this R/D 
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Pd = 16.61 + 0.286 = 16.89 psia 
 
 

gV  = 101.55 ft/s 
 

gρ  = 0.0850 lbm/ft3

 
Note ggVρ  = constant 
Hence, Re does not change. 
Since f = f(Re, k/D) then f does not 
change. 
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At point ‘e’ 

 Pe = ___________ 
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e-f Pipe Bend 
 
 
 
  = ___________ cdP∆
 
 
At point ‘f’ 
 

 Pf = ___________ 
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Pe = 0.465+16.89 = 17.36psia 
 
 

gV  = 98.83 ft/s 
 
 

gρ  = 0.0889 lbm/ft3
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Pf = 17.36 + 0.273 = 17.63 psia 
 

gV  = 97.30 ft/s 
 
 

gρ  = 0.0903 lbm/ft3
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f-g Horizontal Pipe 
 L = 100 ft plus has acceleration zone 
 
These calculations are similar to pipe section b-c plus the 
addition of the acceleration 
 

accelhorizfg PPP ∆+∆=∆  
 
      = _________ 
 
 
 
 
Intermediate value for Pg (used for calculating Vg that is 
used in calculating the  accelP∆

horizfg PPP ∆+='  =  
 

===
sP

psi
ft

ft
P

P
A

Q
V

dd

STPSTP
g 60

714
19630

1375
2

3 min.
.

min/  _________ 

 

714
07530

.
. d

STP

d
gSTPg

P
P
P

== ρρ  = ________ 
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Pg = _________ 
 
 
 
 
 
Pressure Drop Across Blower 
 
Inlet pressure to blower 
 
 Pin = 14.7 – 0.3 = 14.4 psia 
 
 
  = _____________ ingblower PPP −=∆
 
 
This is the pressure increase required by the blower. 
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'gP = 17.63 + 0.473 = 18.11psia 
 

gV  = 94.76 ft/s 
 
 

gρ  = 0.0927 lbm/ft3

 
 
Vp/Vg = 0.7425 (from previous) 
 

accelP∆  = 0.734 psi 
 
Pg = 18.84 psia 
 
 
 
 
 
 
 
 
 
 
 
 
 

blowerP∆  = 18.84 – 14.4 
 = 4.44 psi 
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Check Saltation Velocity 
 
Use the Rizk Correlation 
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Note, dp is in mm 
 
From the Rizk equation, the largest saltation velocity 
occurs at the smallest gas density (at the exit of the 
cyclone).  Use this condition to calculate the saltation 
velocity. 
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 = 71.2 ft/s 
 
 
The smallest velocity in the pipeline occurs at point g 
(94.76 ft/s) hence the velocity everywhere in the pipeline 
exceeds the saltation velocity. 
 
Assuming the blower is capable of the 4.44 psid pressure 
increase, the velocity provided by the flow rate of 1375 
SCFM exceeds the saltation velocity everywhere in the 
pipe line, hence the blower and pipe system is capable of 
conveying 30,000lbm/hr of solids. 
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