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Silmplified Computerized Design 
of Pneumatic Conveyors 

Summary 

The purpose of the design guide outlined below is to obtain 
the system parameters such as re/a tive pressure drops, 
velocities, and blower data such as flow and pressure values 
for pressurized pneumatic conveying systems with a single 
value of {constant) pipe diameter. The designs are based on 
the mean particle size of the conveyed material. 

This method of design for pneumatic conveyor systems 
deals with pressurized systems only and gives results 
quickly for conveyors working either in the dilute or dense 
phase. 

On the whole, the design calculations are based on well 
known methods and theories; it is the setting up of applic
able equations and the programming that provides quick 
comprehensive results. 

Nomenclature 

Terms are listed in the order of occurrence in the pro
grammed calculations 

Input data 

DPMEAN 

RHOT 

DR 

vs 

DT 

LAH 

LAV 

IAHA 

- Mean particle size inch 

-True density of conveyed material lb/ft3 

- Delivery rate, lb/ h 

- Mass saltation velocity of material, ft/sec 

- Inside diameter of conveying pipeline, inch 

- Length of air pipeline from intake to blower, 
horizontal, ft. 

- Length of air pipeline from intake to blower 
vertical, ft. 

-Length of air pipeline from blower to the 
point of introduction of material horizontal 
ft. 
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LAVA 

LCH 

LCV 

CD 

RHO/ 

RHOGA 

TMAX 

Tl 

E 

CP 

CV 

Nandor l.atincsics, USA 

-Length of air pipeline from blower to the 
point of introduction of material, vertical, ft. 

- Length of conveying pipeline, horizontal, ft. 

-Length of conveying pipeline, vertical, ft. 

-Drag Coefficient 

-Density of gas at intake of blower, lb/ft3 

- Density of gas at discharge of blower, lb/ft3 

-Max. permissible temperature of compres-
sed gas, 0R 

- Intake temperature of conveying gas, 0R 

-Voidage factor in vertical conveying lines 

-Specific heat of conveying gas at constant 
pressure, 

BTU 

lb-0R 

-Specific heat of conveying gas at constant 
volume 

BTU 

lb-
0R 

ET AP -Polytropic efficiency of blower 

ET -Mechanical efficiency of blower drive 

CV K = -- -Ratio of specific heats of conveying gas 
CP 

PI -Pressure of conveying gas at intake, psia 

PA -Assumed system pressure drop, psi 

PP -Estimated pressure drop through peripheral 
equipment such as intake filters, etc., psi 

C1 -Constant, 144 in2/ft2 

V1 through 
V8 - Range of conveying gas velocities, assumed 

to suit the application, ft/sec 

KO= VDH - Design factor, ratio of design superficial ve-
VS locity to mass saltation velocity in horizontal 

conveying l'ines 
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KV= 
VDV 

_ Design factor, ratio of design supferficial ve-
VCH locity to choking velocity in vertical lines 

PAH 1 
through 
PAHB, and 
PAV 1 
through 
PAVB 

- Relative pressure drops at the respective gas 
velocities V1 through VB, in the horizontal 
and vertical intake lines, respectively psi/ft 

System Parameters 

R - Pressure ratio, see Eq. 1 
N - Ratio of specific heats, see Eq. 2 
R1 - Ratio of gas densities, see Eq. 4 
A -Area of conveying lines cross-section, ft2 

w - Relative mass flow rate in conveying pipe-

VDH 

vsv 

VT 

VCH 

VDV 

VD 

VA 

PAHAn and 
PAHD 

PAHAD 

PAVAD 

PCH1 
through 
PCHB 
PCHD 

PCV1 
through 
PVCB 
PCVD 

line, 

lb 

ft2 x sec 

- Design superficial gas velocity in horizontal 
conveying Ii nes, ft I sec 

- Superficial material velocity in vertical con
veying Ii nes, ft/ sec 

- Terminal velocity of "falling" conveyed par
ticle in vertical conveying lines, ft/sec 

- Choking velocity in vertical conveying lines, 
ft/sec 

- Design superficial velocity in vertical 
conveying Ii nes, ft/ sec 

- Overall design superficial conveying gas ve
locity, ft/ sec 

-Average superficial conveying velocity 
based on compressive flow, ft/sec 

- Design values of relative pressure drops 
through LAH, and at VA and Vn, respec
tively, psi/ft 

- Design value of relative pressure drop 
through LAHA, and at VA, psi/ft 

- Design value of relative pressure drop 
through LA VA, psi/ft 

- Profile of relative pressure drops in the hori
zontal conveying line LHC, at the respective 
velocities V1 through VB, psi/ft 

- Relative pressure drop through LHC at VD, 
psi/ft 

- Profile of relative pressure drops through 
LCV at the respective values of V1 through 
VB, psi/ft 

- Relative pressure drop through LCV at VD, 
psi/ft 

Summary of Results 

QA -Atmospheric gas flow at blower's discharge, 
ft3/min 

Total PD - Total pressure drop through the system, cal-
culated, psi 

R2 - Pressure ratio, calculated, based on Total PD 
QI - Intake flow of blower, based on polytropic 

process, ft3/min 
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T2 - Temp. of gas at blower's discharge, 0 R 
VDMAX - Max. superficial velocity based on compres-

sive flow, ft/sec 
SI A - Solid to air ratio, lb/lb 
HPA -Adiabatic horsepower of blower 
HPGAS - Polytropic (gas) horsepower of blower, 

based on ET AP 
HPRUN - Running horsepower of blower based on ETAM 
H2 - Heat to be removed by aftercooler, not to ex-

ceed TMAX, BTU/ h 
QM - Mass flow rate through aftercooler, lb/h 
R3 - Reduction factor, see Eq. 2Ba 

VDR - Overall design superficial velocity, reduced due 
to removal of H2, ft/ sec 

VAR -Average superficial gas velocity reduced due to 
removal of H2, ft/sec 

VDMAX - Max. superficial gas velocity, reduced, ft/sec 

1. Introduction 

The design process needs the input data listed in the nomen
clature. Of these input data, the following are assumed ini
tially for trial and error method of calculation: 

DT - inside diameter of the conveying line 
PA - system pressure 

V1 through V8 - possible range of conveying gas 
velocities 
V

5 
- mass saltation velocity 

All other data, such as design factors KO, KH, PAH, etc. 
are obtained from process conditions, piping layout and 
reference data as detailed below. 

The methods of system parameters design are detailed 
below, with guides for selecting the value of input data 
required for the calculations. The most important calcul�t�d 
system parameters are the design and average superficial 
gas velocities and the relative design pressure drops at the 
average superficial gas velocity. 
The calculated system parameters are used to establish the 
total system pressure drop, intake and discharge flow, 
horsepower of blowers, air-to-solids ratio and heat ex
changer data when needed. 

With a summarized set of calculated data, it is possible to go 
back to the original set of input data, make comparisons and 
repeat calculations with changed input in case of significant 
differences. 

The use of the outlined method was programmed and the 
programmed calculations are illustrated through examples. 

Programmable calculators with about 2,300-2,400 pr�gram
mable steps are especially suitable for these calculations. 

The uncertainties associated with these calculations are the 
values of saltation velocity and design factors assumed. 
Experience will guide in selecting good values. 

Fig. 1 shows the general arrangement of a pneumatic 
conveyor system, indicating the length of pipes with different 
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flow and pressure conditions. This sketch uses the 
designations listed in the nomenclature. 
Note that the vertical pipe lengths LAV, LA VA and LCV 
include the equivalent leng1hs of elbows. 

Product 
Feed 

t 

Pneumatlic conYeylin9 

f Vent to atmosphere 

Filter 

LCV 

LLAHA-..,...-LCH_J 
lin 

LAVA 

Blower 

Air Intake-

LlAH ....--- LAHA____J 

Fig. 1: Pneumatic conveyor - pressure system. General arrangement and 
designation of pipe lengths. 

2. Calculation of System Parameters 

With the assumption of the initial data, the system para
meters can be calculated as follows: 

1. The pressure ratio: 
PI + PA 

R= 
Pl 

(1) 

2. The ratio of specific heats for polytropic compression: 

=------

K-1 (2) 

Kx ETAP 

3. The value of polytropic efficiency varies with different 
types of machines Scheel [1) advises to use the follow
ing polytropic efficiencies: 
- Straight lobe rotary blowers: 0.66 
- Helical lobe rotary blowers: 0.78 
- Axial screw blowers: 0. 74 
More detailed data may be obtained or evaluated from 
manufacturers' catalogs. Note that in cases when adia
batic conditions may be assumed then FT AP = 1 and 

= K. 

4. The ratio of intake and discharge gas densities: 

RHOA = RllN 

RHO! 
(3) 

If R11N = R1 then from Eq. 3, the atmospheric gas density 
at the discharge of the blower is 
RHOA = R1 x RHO/ (4) 

5. The area of cross-section of the conveying line is: 
DT211" 

A=---

4 X 144 

6. The solid mass flow rate in the conveying line is: 
DR 

W=---

3,600A 

(5) 

(6) 

7. Conveying Velocities: 
The design superficial velocity for dilute phase conveying 
is based on the following considerations: 
a) For cases of dilute phase conveying, in the horizontal 

conveying lines the superficial velocity has to be 
greater than the mass saltation velocity (or pick up 
velocity) for the material to be conveyed. For the hori
zontal lines, design factor KH is applied and the 
design velocity in the horizontal conveying lines is 
calculated: 
VDH = KHx VS (7) 

The value of mass saltation or pick up velocities may 
be calculated, several methods are available and 
Zenz (2, 3,) and others Wen [4], Leung [5], offer 
different methods of such calculations. A wealth of ex
perimental data is also available in the related publica
tions. Using the applicable values of VS and the value 
KH, the design value of VDH can be calculated. For 
dilute phase conveying, since saltation should not 
occur: 
KH > 1, usually KH = 1.1-1.5 
Selection of the value will depend on choice between 
conservative design vs. smaller blower capacity. 

b) Saltation is permissible with dense phase conveying 
and therefore the value of design factor KH may be 
less than unity: 
KH< 1, usually KH = 0.1-0.5 
Again the selection will depend on the choice be
tween conservative design vs. small blower capacity 
and experience will guide. The general rule is that the 
higher the value of the saltation velocity, the lower the 
value KH may be. Low values, such as KH = 0.1 may 
be chosen in case of distributed particle sizes and 
high loads resulting in high saltation velocities. 

c) In the vertical lines the superficial gas velocity has to 
be greater than the choking velocity. Again, there are 
several methods available to calculate the choking 
velocity. Experience seems to indicate that most often 
the choking velocity is lower than the saltation veloc
ity. However, for checking purposes, the following ap
proximation may be used: 

vsv 
VCH = VT + (8a) 

1-E 
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Here the terminal (free fall) velocity VT is: 

VT = v' 4 x RHOT x D1J x g 

3 x RHOA x CD x 12 
(8b) 

In this equation, the drag coefficient CD can be calcu
lated, taken from charts but for most applications 
CD = 0.24 

The voidage factor E in Eq. Ba is less than unity and 
the following values can be used: 

for dilute phase, conservative designs, 
E = 0.94-0.98 

for dense phase design E = 0.91-0.94 
The superficial particle velocity in the vertical line is 
calculated based on the mass flow rate: 

DR 
vsv = -------

3600 x A x RHOT 
(8c) 

With the value of choking velocity calculated, the 
design superficial gas velocity for the vertical line can 
be established: 
VDV = KVx VCH (8d) 
Here the design factor for the vertical line is normally 
KV= 1.25-1.75 

d) The selected overall design superficial gas velocity VD 

will be the higher value resulting from Eq. 7 or Eq. 8 d. 
e) Since the gas flow in the conveying line is a "compres

sive" flow, the gas velocity used for system pressure 
drop calculation is the average velocity of the system: 

VD 
VA= - x (1 +R 1) 

2 
(9) 

3. Calculation of Relative Pressure Drops 

1. The relative design pressure drop, at near standard condi
tion, at the average velocity, in the horizontal line, by inter
polation is: 

PAHD = 
PAHn+i -PAHn x (VA- Vn + PAHn) ( 10a) 

Vn+I - Vn 

Here Vn < VA < Vn+I and Vn+I is less than the 
maximum value of the preselected velocity range. 
In the vertical line: 

PAVn = PAHn 
+ RHO! 

144 
RHO! 

PAVD = PAHD + --
144 

( 10b) 

( 10c) 

2. The relative pressure drops in the lines carrying air only, 
at atmospheric condition, calculated with the average 
velocity are as follows: 
PAHAn = PAHn x R1 and 
PAHAD = PAHD x R 1 
PAVAn = PAVn x R 1  
PAVAD = PAVO x R1 
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There is wide range of theoretical and experimental 
methods available to determine the pressure drops. The 
formulas listed below are based on refs. [1] and [2]. 
a) Dilute Phase Conveying: 

In the horizontal conveying lines: 

PCHn = PAHAn (1 + 
W 

) 
( 13a) 

Vn + RHOGA 

and 

PCHD = PAHAD (1 + 
W 

) VA xRHOGA 

In the vertical conveying lines: 

PCVn = PAHAn x (1 + W 
) Vn xRHOA 

RHOA W 
+ +------

and: 

PCVD = PAHAD x (1 + 
W 

) VA xRHOA 

RHOA W 
+ + 

144 144 x (VA - Vt) 

b) Dense Phase Conveying: 

( 13b) 

( 14a) 

( 14b) 

In the horizontal lines, the pressure drop may be deter
mined using the methods outlined in refs. [2], [3]. The 
following relationship seems to agree reasonsably 
well with experimental results: 

PCH = 0.0255 x ( 
DPMEAN 

) 
.
25 

x � n 
DT vo.55 

+ PAHAn ( 15a) 

PCHD = 0.0255 x 
( 

DPMEAN 
) 

·
25 

x � 
DT VA0.55 

+ PAHAD ( 15b) 

For the vertical lines, Eqs. 14a, b can be applied. 
c) The programmed calculation will give the values of 

PCHn, PCV n, PCHD, PCVD. Thus, checking the values 
it can be established if the value of design superficial 
gas velocity was optimally established from the point 
of view of relative pressure drops. 

4. Summary of Results - Blower, 
Heat Exchanger, Data 

With the system parameters and relative pressure drops cal
culated, the summary of characteristics of the whole 
conveying system can be calculated. 

1. Design velocity, based on VDH or VDV, which ever is 
higher. 
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2. The total pressure drop of the system: 
Total PD = LAH x PAHD + LAV x PAVO 

+ LAHA x PAHAD + LAVA x PA AD 
+ LCH x PCHD + LVC x PCVD 

+pp+ 
X VD 

4640 

(16) 

Note that the first two terms represent the pressure drops in 
the intake air line. The calculation is based on the terms of 
PAHD, PA VD and on the assumption that the line size and 
velocity are the same as with the discharge lines of the 
blower. This is a gross simplification but errs on the safety 
side. Note furthermore that the last term represents the pres• 
sure drop due to acceleration of the material fed into the 
conveying Ii ne. 

3. The actual pressure ratio: 

R2 = 
Pl+ Total PD 

Pl 

4. The atmospheric flow at the blower's discharge: 
QA = Ax VDx 60 

5. The intake flow, based on polytropic compression: 

(17) 

(18) 

QI = QA x (R 2)11N (19) 

6. The temperature of discharge gas, based on polytropic 
compressor: 

N-1 
T2 = T1 x (R2) N 

7. The maximum velocity at the end of the system: 
QI 

VDMAX= --
60 x A 

8. The solid to air ratio of the system: 
s DR 

=------

A 60 x RHO/ x QI 

9. The adiabatic horsepower of the blower: 

(20) 

(21) 

(22) 

144 K 
HPA = -- x - x Pl x QI x (R2K -llK.1) (23) 

33000 K-1 

1 O. The polytropic gas horsepower of the blower: 
HPA 

HPGAS = -- (24) 
ETAP 

11. The running horsepower of the blower: 
HPRU = HPGASI ET AM 

12. After cooler is required if the discharge temperature of 
the blower is higher than the maximum permissible gas 
temperature, i.e., 
T2 > TMAX {25) 

13. The heat to be removed by the atter cooler: 
H2 = 60 x QI x RHO/ x CV x (T2· T ·lAX) (26) 

14. The mass flow rate through the aftercooler: 

15. With negligible pressure drop across the aftercooler 
assumed, the flow rates and velocities will reduce in pro
portion to the temperature ratio, i.e.: 

R3 = 
TMAX 

T2 

With this, the reduced velocities: 
The reduced design velocity: 
VDR = R3x VD 

The reduced average velocity: 
VAR= R3 x VA 

The reduced max. velocity: 
VDMAXR = RJ x VDMAX 

(28a) 

(28b) 

(28c) 

(28d) 
The reduced value of design velocity has to be checked 
against the saltation velocity. The calculation has to be 
repeated for dilute phase conveying when VDR < VS 
and has to be repeated for both dense and dilute phase 
conveying when VDR < VCH. 

5. Programmed Calculations 

These consist of the following: 
- The input data, including a selected spectrum of veloc

ities, V1 through V10. Assumed values are OT, PA, PP, 
KH. KV. VS. PAHA values, pertaining to VA and DT 
values are obtained fmm gas flow vs. pressure drop 
tables. 

- Calculations based on Eqs. 1 through 28 
- Selection subroutine to calculate relative pressure drop 

values based on calculated value of VD 

- Selection subroutine for VD. 

- Error message, if VD > V10 
- Calculation for full spectrum of PCH0 and PCV0 

- Print-out of inputs, parameters, pressures (drop), sum-
mary of system data, cooler data. 

Since the calculations are based on assumed values, 
program should be rerun if PA < Total PD or especially where 
PA < < Total PD. In case of very high values of Total PD, 
larger values of OT should be assumed. 

6. Examples 

1st Example 

Dry powdered chemical solids are to be conveyed a distance 
of 670 tt at a rate of 10,000 lb/h, in dilute phase. Air 
temperature is limited to 580 °A. For other input data and 
results, see print-0ut of programmed calculations. This 
conveyor is running with 1 O psig capacity blower for several 
years. System and program results are in reasonably close 
agreement (Fig. 2). 

2nd Example 

Pulverized material is to be conveyed a distance of 775 ft, at 
a rate of 41 360 lb/h dense phase. For other input data and 

QM = 60 x QI x RHO/ (27) results see print-0ut of programmed calculations. The high 
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D I L U T E P H A S E  

I t-l P U T D A T A  

D F' M E A �I =  
F' H O T =  

0 . (H) 5 8  
'::'4 . (1 

l (1 0 (1 0 
9 0  

8 . 3 0 
8 
0 

2 0  
(1 

D R =  
V S =  
r, T = 
L A H =  
L A './ = 
L A H A =  
L A V A =  
L C' H =  
L C V =  
C D =  
R H O I =  
T 1-1A : : =  
T l =  
E =  
C V =  
E T A P =  
E T A M =  
K =  
P I =  
P A =  
P P =  
C l =  

'.,I j = 
V 2 =  
\,• ·�: = 
'./ 4 =  
V 5 =  
V b =  
\/ 7 =  
v ::: = 
K H =  
K V =  

P A H i =  
P A H 2 =  
P A H 3 =  
F' A H 4 =  
P A H 5 =  
P A H 6 =  
P A H 7 =  
P A H f:: =  

6 7 2  
7 4  

(1 . 2 4 0  
0 . 0 7 4 0  
5 ::- 0 . 0 0  
5 2 8 . 0 0 

0 .  9 6 0  
0 .  1 7 7 
0 .  6 ::: (1 
o .  9 8 (1 
1 . 4 0 0  

1 4 .  5 ,:1 0  
5 .  0 0 (1 
0 . 2 (1 0  

1 4  4 .  0 (1 (1 

2 0 .  0 
3 0 . (1 
4 1 .  6 
5 0 .  (1 
8 3 . 0 

1 1 6 .  (1 
1 5 (1 . 0 
2 0 0 . 0 

1 .  1 0  
1 .  2 5  

(1 . 0 0 (1 1 2 5  
(1 .  (1 (1 13 2 7 5  
(1 .  £1 (1 0 5 0 0  
0 .  0 (1 0 7 0 0  
0 . 0 0 2 0 0 0  
0 . (1 0 4 0 0 0  
0 . 0 0 6 0 0 0  
0 . 0 1 1 5 0 0  

F' A F' A M E  T E R  S 

F: = 1 .  3 4 4:: : 2 8  
H =  1 .  7 2 4 6 :3 8  
R l =  1 . 1 8 7 .; 2 2  
R H O A =  0 .  �J !:, , 8 t, 9  
A =  (J .  3 7 5 7 3 7  
l� = 7 .  3 9 2 8 8 5  
I/ D H =  9 9 . O t1 1J (n ) 0  
V '.:, V =  (1 . £1 7 8 6 4 8  
V T =  9 . 5 7 59 2 1  
V C H =  1 1 . 5 4 2 1 1 3 
V D \/ =  1 4 . 4 2 7 6 4 2  
V D =  9 9 .  C H) 0 (1 (1 0  
V A =  1 �1 8 .  2 7 7 3 7 8  

F' R E S ::, U F: E S  

P A H D =  
P A H A D =  
P A V D =  
P A V A D =  

F' C H ! =  
P C H 2 =  
F'C. H ::: =  
P C H 4 =  
P C H S =  
P C H 6 =  
P C H 7 =  
F' C H 8 =  
P C H D =  

P C \1 1 =  
P C V 2 =  
P C V :3 =  
P C V 4 =  
P C' \1 5 =  
F' C' \/ 6 =  
F' C: \1 7 =  
F' C \1 8 =  
F' C V D =  

(1 . (HJ 3 5 3 2  
[1 . (1 1) 4 1 9 4 
(1 . ( H H 0 4 6  
0 .  ( H H 8 0 4  

0 .  0 (H3 7 7 3  
0 . 0 0 1 2 4 2  
0 . 0 0 1 7 9 4  
0 . 0 0 2 2 3 0  
(1 .  0 0 4  7 ::: 2  
0 . (1 1) 8 1 9 5 
0 . (1 1 1 1 2 1  
(1 . 0 1 9 4 0 0  
0 .  0 (1 7 4 5 3  

0 .  (1 0 6 :3 0 8  
0 . 0 0 4 3 6 6  
[1 . 0 0 4 0 0 8  
0 .  0 0 4 1 1 (1 
0 . (1 0 6 0 9 2  
(1 . (1 0 9 2 8 7  
0 . 0 1 2 0 9 6  
0 . (1 2 0 2 8 0  
(1 . 0 (1 8 5 8 3  

v r, =  ·o1 • 0 0  
G! A =  2 2 3  • 8 8  
T O T A L  F' D =  • 1 1  
R 2 =  . 4 2 
Q I =  
T 2 =  
1/ D M A >: =  
S / A =  
H F· A =  
H F' G A S =  
H F'F' U �I =  

�-n . %  
6 1  • 1 2  
1 2 • 4 (1 

. 8 2 
6 • (1 9  
9 • 2 ':1 
9 • 1 7  

P. E D U C E D  V A L U E S  

R 3 =  (1 . 9 5 
V D F: =  9 3 . 8 1 
'·/ A R =  1 iJ 2 .  6 0  

Fig. 2 :  Examp le 1 :  Dilute phase - computer calcu lations 

delivery rate and density result in an est imated 200 ft/sec 
saltation velocity , a high value. Therefore , the application 
calls for dense phase conveying. VS = 200 ft/ sec and KH = 

0.18 are chosen as des ign basis. It should be noted that an 
aftercooler is needed and VDR < VD, VDR > VDV (Fig . 3). 
Further assessment of the resu lts of both examples are left 
to the reader . 
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Fig. 3: Example 2: Dense phase - computer calcu lations 
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