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You can’t eliminate every possible problem. But you have to try. 
Since the invention of vacuum conveying, problems like angel 
hair, dust, snake skin, abrasive material and broken pellets have 
been destroying your process, clogging material lines, ruining 
parts, wearing out elbows and being an overall nightmare in your 
plant. But not anymore.

After years of selling dust filters, angel hair traps, specially designed 
elbows and devices to patch the problems associated with high 
speed conveying of plastic pellets, Conair has fixed the problem 
with Wave Conveying™. This patented material-handling system 
is the first revolution in material conveying since vacuum loading 
replaced hand bucket loading 75 years ago. A system like no 
other, Wave Conveying eliminates all of the problems caused 
by high-speed vacuum conveying. It gently conveys waves of 
material through conventional tubing, so it can be retrofitted into 
your plant today. 

A revolution in material handling

Angel hair created during high-speed dilute-phase 
conveying.

No angel hair with Wave Conveying.
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Decades of headaches

To understand the birth of Wave Conveying, it’s important to 
understand how conventional vacuum conveying works. High-
speed systems are based on dilute-phase vacuum conveying 
and they send material through a tube at high speeds, typically in 
excess of 6,000 ft. /min (30 m/sec). By the time material reaches its 
termination point, the molding machine, for example, the material 
can reach velocities in excess of 10,000 ft. /min (50 m/sec). As 
material travels through a tube in a dilute phase system, pellets 
disperse in high-speed air, much like a long, continuous shotgun 
blast. The pellets scrape against the inner wall of the conveying 
tube, especially in elbows or bends. This friction creates enough 
heat to cause the pellets to soften. Softer plastic pellets, like 
low-density polyethylene and polypropylene, are especially 
vulnerable, smearing against the sides of tubing, deforming and 
creating long streamers or angel hair. Sometimes they form flakes 
that agglomerate to form thin strips of resin called snake skin. 

Once formed, angel hair and snake skin can clog the conveying 
system and block material flow. In material receivers and loaders 
they can completely block the system, which must be shut down 
for cleaning, causing wasteful down time. To combat this problem, 
angel-hair traps can be installed. These are screens that allow 
pellets to pass through while angel hair gets hung up. Eventually, 
these traps can also clog and cause their own problems. Typically, 
they are installed only at silos and railcar systems, and not where 
they are often needed –inside the building. 

In addition to the problems related to frictional heat, pellets are also 
subjected to violent impact against other pellets, tubing elbows 
and bends. This action causes pellets to break apart and abrade, 
creating dust and wearing on the tubing. More brittle materials 
like styrene or polycarbonate can actually shatter, creating even 
more dust and fines. Very hard or abrasive materials, like glass- or 
mineral-filled materials, can quickly wear away the inside of the 
conveying lines, eventually causing leaks. Dusty materials, in turn, 
can lead to bad parts and metal contamination from damaged 
tubing which can damage screws and molds. 

All of these problems can be solved simply by rethinking 
conveying and installing a Wave Conveying system.

An angel hair trap has 
historically been the only 
remedy for the problem.
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Rethinking conveying means rethinking how material flows 
through your tubing. Preventing conveying-related damage 
to resin requires a system that is dramatically different 
from typical high-speed vacuum conveyors; a system that 
can vary material speed, moving resin more slowly when 
necessary. With these problems in mind, research began 
based on several key objectives:

 • The system should use standard components so it could 
be retrofitted to any existing system

 • The system should use common vacuum pumps and 
equipment.

 • The system of valves, pumps, and controls should work 
more like a low-speed conveyor, but retain the flexibility 
needed to function as a high speed, dilute-phase system.

 • The system should allow for variable speeds, so that 
speeds could be “tuned” to best suit the characteristics 
of different resin types and throughputs adapted to meet 
operating needs.

The result of extensive research was that the new system 
could move pellets, in compact wave phase slugs of material, 
at speeds as slow as 300 ft. /min (1.5 m/sec), eliminating pellet 
damage and friction-related problems. For the hardest, most 
abrasive glass- and mineral-filled materials, our research 
proved that these slow material speeds demonstrated the 
best results.

Rethinking conveying
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Unexpected results - exploring the wave

After two years of extensive research, many promising results 
were shown, not just in the 300 ft. /min (1.5 m/sec) range but 
in a much wider range in speeds from 1,000 to 2,800 ft. /min (5 
to 14 m/sec).  It was found that there was a gradual transition 
from dense-phase to a more dilute phase that occurs as speeds 
increase. It was discovered that there are several transitional 
phases of conveying material and each phase can be customized 
to a particular resin and throughput based on receiver operation. 
The transitional phase, a true wave, is a mixed-pulse phase where 
material rolls on itself, avoiding heat build-up and resin damage 
while significantly increasing throughput rates compared to 
other times of conveying. Conveying distances can be greatly 
increased as well.

This mid-range Wave Conveying speed has been found to work 
well with materials like PET and PMMA, which are only mildly 
abrasive, or with light-bulk-density materials (e.g.: 15 lbs./cu. ft. 
or 240 kg/cu. m), like PE sheet flake. It can also be effective for 
applications like rail-car unloading where more airflow may be 
desirable but truly high-speed operation is not necessary or 
desirable. Those applications are also highly susceptible to angel 
hair, due to high heat buildup. 
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Wave conveying in action

A series of tests conducted by Conair demonstrate the dust-free, 
damage-free resin throughputs achievable for a wide range of 
materials with Wave Conveying technology.

Eliminating Dust: A processor that required at least 2,000 lbs. /
hr (900 kg/hr) throughput of virgin and recycled PMMA material 
operated a dilute-phase conveying system that generated tens 
of thousands of pounds of dust and angel hair each month. 
The processor asked Conair if a Wave Conveying system could 
deliver the same throughput with less dust and angel hair. Using 
a test conveying set-up in Conair’s Technical Center (a 460-foot 
vacuum conveying system with 4-in O.D. lines and eight 90° 
bends), trials were run using two lots of PMMA regrind, and one 
of virgin PMMA. Conair demonstrated that Wave Conveying 
technology could deliver throughputs for virgin PMMA averaging 
7,000 lbs. /hr (9000 lbs. /hr peak), and 3400 lbs./hr (3900 lbs./
hr peak) for regrind PMMA. Clearly, this was well beyond the 
minimum throughput required by the processor and when the 
dust filter was opened at the conclusion of the test, there was only 
a trace amount of dust.

Eliminating Angel Hair: A test aimed at achieving maximum 
throughput of virgin thermoplastic elastomer (TPO) used the 
same test conveying apparatus configured in two different ways. 
In the first trial, the Conair FLX-128 control was tuned to optimum 
velocity and maximum rate Wave Conveying. The second 
configuration used the same pumps, valves and operating 
parameters as a typical high-speed, dilute phase conveyor. After 
20 conveying cycles using identical material, the Wave Conveying 
set up achieved throughput of 10,120 lbs. /hr (4,600 kg/hr) with no 
angel hair and no accumulation of dust. Throughput for the dilute-
phase configuration was far lower (4,110 lbs. /hr or 1,865 kg/hr), 
and produced angel hair, fines, and dust in the dust collector.

Eliminating Build-Up: Another customer test, conducted 
in a 270-ft (82.3-m) vacuum conveyor with 2.5-in (63.5-mm) 
line size and four 90° bends, compared Wave Conveying and 
conventional dilute-phase conveying of filled PVC powder. This 
material tends to build up and clog near the terminal points (or 
destination receivers) of high-speed conveying systems. In this 
test, the Wave Conveying configuration delivered throughput of 
3,070 lbs. /hr (1,390 kg/hr) while the dilute-phase configuration 
conveyed just 1,580 lbs. /hr (716 kg/hr). Research showed that 
the lower material velocity used for Wave Conveying not only 
increased throughput, but reduced material buildup.
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A recipe for success

Wave Conveying can be customized to any material and any 
destination at any time. What that means is that a different wave 
pattern, speed (velocity) or throughput rate can be programmed 
for each receiver depending on specific requirements. Conveying 
parameters can be set by the user or with assistance from Conair’s 
expert team of conveying specialists. This is done by utilizing the 
industry’s most advanced conveying control system - the FLX-
128 Plus. Conveying recipes (up to ten per receiver station) can 
be stored and recalled automatically as machines call for different 
materials. The FLX-128 Plus flexible control utilizes a combination 
of centralized I/O and expansion modules, interconnected via 
industrial Ethernet to provide control of up to 128 receivers, 40 
pumps (plus 2 back-up pumps) and 256 source valves. A full-
color touch screen with descriptive icons ensures that even with 
little or no training, any user will be comfortable monitoring or 
making changes on up to 40 independently operating vacuum 
systems. It also integrates Conair’s newest line-proofing systems 
including the Invisible Line Proofing (ILP) system.

And so, while it is impossible to eliminate every problem you 
face on a day-to-day basis, the flexibility of the Wave Conveying 
system means that angel hair, snake skin, and dust, together with 
many of the costs of cleaning them up, can be things of the past. 
At the same time, the almost infinite tunability of this conveying 
system means that no facility will ever have to trade high material 
quality for high system throughput. It’s a comfort to know that the 
capabilities of this innovative conveying system and its control 
are there when you need them.

Conveying at different speeds

Phase Speed Energy Use Throughput Result

Dilute Flow 500-6000 ft/min
2.9 - 30.5 m/sec

High, due to high 
vacuum pump 
speeds

High High Impact speeds:
- smear soft pellets, causing steamers
- shatter brittle pellets, causing dust and fines
- abrasive materials cause system wear

Wave Flow 1200-2000 ft/min
6.2 - 10.2 m/sec

Moderate High Low conveying speeds:
- No smearing
- No shattering
- Reduced system wear

Pulse Wave 
Flow

350 - 500 ft/min
1.5 - 2.5 m/sec

Low Low to 
moderate

Slow conveying speeds; ideal for abrasive 
materials


