


A company long associated with research 
and development and growth through 
constant evolution, General Electric 

(GE) opened its first industrial R&D labora-
tory in the United States in 1900, a small fa-
cility in the backyard barn of scientist Charles 
Steinmetz. Those humble beginnings could 
not in any way hint at the company’s current 
collection of world-class research facilities, 
notably its Global Research Center (GRC), 
a multidisciplinary technology center spread 
over 525 acres in upstate New York (Nisk-
ayuna, NY). With more than 1900 employ-
ees at the site, including chemists, physicists, 
biotechnicians, electrical and electronics en-
gineers, microbiologists, metallurgists, and 
information technologists, it is critical that 
its facilities run smoothly and efficiently. 
Because of this, General Electric turned to 
Strobic Air Corp. (Harleysville, PA) for its 
Tri-Stack™ laboratory fumehood exhaust 
systems as part of a total $100 million reno-
vation to the Niskayuna campus, including 
a new building wing for state-of-the-art wet 
chemical laboratories and to house GE’s 
emerging bioscience and nanotechnology re-
search efforts (see Figure 1).

The GRC (www.ge.com/research) is one of 
the world’s largest industrial research facili-
ties, providing technology for all of the com-
pany’s diversified businesses. In addition to 
the Niskayuna campus, GRC operates facili-
ties in Bangalore, Shanghai, and Munich, as 
its organization of nearly 1000 Ph.D.-level 
researchers strive for breakthrough innova-
tions in a wide range of areas, including 
energy, molecular imaging, nanotechnol-
ogy, propulsion, and security technologies. 
Researchers throughout GRC practice the 
mantra, “What we can imagine, we can make 
happen.” 

As part of the major renovations at Nisk-
ayuna, GRC looked for improved efficiency 
from its laboratory fumehood exhaust sys-
tems. Affiliated Engineers, Inc. (Madison, 
WI), which had previously worked with GE 
on such construction projects, was brought 
in by GRC’s management to outfit the new 
chemistry research facility. While GE had no 
prior experience with the use of mixed-flow-
impeller technology for exhausting its labora-
tory workstation fumehoods, Affiliated Engi-
neers staff had used such systems on other 

projects and was therefore well-positioned to 
meet the demanding laboratory exhaust re-
quirements of the new facility.

GE staff involved with the new construc-
tion project had some experience with cen-
trifugal fans in other facilities on the large 
campus, and were aware of the importance 
of maintaining adequate exhaust pressure to 
eliminate reentrainment of exhaust fumes 
back into the laboratories and into surround-
ing buildings. The company understood the 
importance of selecting an exhaust system 
with enough built-in redundancy to ensure 
reliability under all conditions. Affiliated En-
gineers was familiar with the issues involved 
with exhausting laboratory workstations, in 
particular for applications sensitive to acous-
tical noise and vibration, such as in chemical 
and nanotechnology research.

The chemistry research facility was construct-
ed in the center of the campus, surrounded 
by older buildings with rooftop exhaust sys-
tems. Most of the buildings within the GRC 
campus were constructed during the 1960s 
and ‘70s, and were equipped with rooftop ex-
haust systems. Many of these systems employ 
single-hood, single-fan construction, with 
the single fan in each case mounted indoors, 
within a rooftop penthouse. Fairly recently 
(about 5-6 years ago), the facilities manage-
ment at GRC decided against indoor fans, 
even within penthouses, since they wanted to 
eliminate the indoor, positive pressure duct-
work accompanying these fans. Thus, the 
laboratory exhaust fans were moved to the 
roof of each facility; the single-hood, single-
fan systems remained, but the fan style was 
changed to eliminate the need for guy wires 
on the roof (which were cumbersome, un-

safe, expensive, and would eventually weak-
en the roof structure). As a result, the older 
GRC laboratory buildings are equipped with 
a dedicated exhaust stack for every laboratory 
workstation. Each stack discharges exhaust 
by means of a single in-line fan.

The single-hood, single-fan exhaust approach 
was maintained for one of the first of the new 
buildings constructed during the GRC reno-
vation. For this building, called the C-Wing, 
the single-hood, single-fan approach was 
used because the International Mechanical 
Code (IMC) at that time did not allow for 
manifolds with the exhaust systems. Midway 
through the construction project, however, 
a supplement to the applicable IMC was 
published that allowed manifolded exhaust 
systems for the laboratories. Therefore, 
manifolded exhaust systems with vertically 
mounted in-line centrifugal fans were used. 
The advantages of direct-drive laboratory ex-
haust systems were explained to GRC staff, 
and these included a seven-year warranty on 
the drive motors of the Tri-Stack systems.

The laboratory exhaust systems employ low 
maintenance, direct-drive fans (with bear-
ing lifetimes, typically 100,000 hr) in con-
trast to exhaust systems based on belt-driven 
centrifugal fans, with parts that can wear out 
and that are often associated with tall exhaust 
stacks. These direct-drive exhaust systems use 
mixed-flow-impeller technology, by which 
contaminated exhaust air is diluted with 
as much as 170% outside ambient air via a 
bypass mixing plenum and bypass damp-
ers. The direct-drive fan motors in these 
systems feature lower noise and vibration 
levels than centrifugal exhaust systems, with 
greater operating efficiency than centrifugal 
fan systems. The mixed-flow-impeller sys-
tems employ a unique exhaust nozzle design 
to increase stack outlet velocities to increase 
exhaust plume height to drive exhaust flow 
beyond the building boundary layer and 
eliminate reentrainment to the building and 
surrounding facilities. 

In addition to their many performance bene-
fits, mixed-flow-impeller direct-drive exhaust 
systems enable effective stack heights that 
yield more aesthetically pleasing rooflines 
than systems based on belt-driven centrifugal 
fans with their greater stack heights. For the 
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Figure 1 Laboratory interior.



GRC chemistry research facility, a number 
of different capacity exhaust fans—a total of 
10 fans—were mounted on a single exhaust 
plenum manufactured from acoustical pan-
els and basically built up like an air-handling 
unit.

In spite of the use of different fan types, for 
the laboratories within the new chemistry 
research facility, use of the custom plenum 

Characteristics of mixed-flow-impeller technology systems 
Direct-drive mixed-flow-impeller systems operate on the principle of diluting contaminated exhaust air with unconditioned, outside 
ambient air via a bypass mixing plenum (A) and bypass dampers (B) (see Figure 3). The diluted process air is accelerated through 
an optimized discharge nozzle/wind  band (D) where nearly twice as much additional fresh air is entrained into the exhaust plume 
before leaving the fan assembly (C). Additional fresh air is entrained into the exhaust plume after it leaves the fan assembly through 
natural aspiration (E). The combination of added mass and high discharge velocity minimizes the risk of contaminated exhaust being 
reentrained into building fresh air intakes, doors, windows, or other openings.

As an example, a mixed-flow fan moving 80,000 CFM of combined building and bypass air at an exit velocity of 6300 ft/min can send 
an exhaust air jet plume up to 120 ft high in a 10-mph crosswind. This extremely high velocity exceeds ANSI Z9.5 Standards by more 
than twice the minimum recommendation of 3000 FPM. Because up to 170% of free outside air is induced into the exhaust airstream, a 
substantially greater airflow is possible for a given amount of exhaust, providing excellent dilution capabilities and greater effective stack 
heights over conventional centrifugal fans without additional horsepower.

Mixed-flow-impeller systems also reduce noise, use less energy, and provide enhanced performance with faster payback over conventional 
laboratory fumehood exhaust systems. A typical reduction of $.44 per CFM at $.10/kilowatt-hour provides an approximate two-year 
R.O.I. energy consumption for mixed-flow fans that is about 25% lower than conventional centrifugal fans with substantially reduced 
noise levels, particularly in the lower-octave bands. The fans also meet or exceed all applicable laboratory ventilation standards of ANSI/
AIHA Z9.5 as well as ASHRAE 110 and NFPA 45, and are listed with Underwriters Laboratory under UL 705.

Mixed-flow systems are designed to operate continuously with a minimum amount of required maintenance, providing years of trouble-
free performance under normal operating conditions. Direct-drive motor bearings have lifetimes of L10 150,000 hr. (This refers to a 
“sample” of 100 motors in which the bearings in ten motors [10] would fail within a 150,000-hr timeframe. It is a baseline for comparison 
of motor-bearing lifetimes.) Nonstall characteristics of the system’s mixed-flow wheel make it well suited for constant volume or variable 
air volume (VAV) applications, along with built-in redundancy and design flexibility. VAV capabilities are achieved via the bypass mixing 
plenum or by using variable frequency drives to provide optimum energy savings.

Virtually maintenance-free operation (there are no belts, elbows, flex connectors, or spring vibration isolators to maintain) eliminates the 
need for expensive penthouses to protect maintenance personnel under adverse conditions. Consequently, additional savings of several 
hundreds of thousands of dollars may be realized in a typical installation.

Mixed-flow-impeller systems are available with a variety of accessories that add value, reduce noise, and/or lower energy costs substantially. 
For example, accessory heat exchanger glycol/water-filled coils for use in 100% conditioned makeup air (controlled environment) facili-
ties add exhaust heat to intake ventilation air to save thousands (or hundreds of thousands) of dollars in annual energy costs. Acoustical 
silencer nozzles attenuate up to 12 dBa for quieter operation in particularly noise-sensitive areas, without affecting stack height.

allowed each exhaust system and its stack ex-
tension to be mounted with the same height, 
forming an aesthetically pleasing line of sight 
for the building. The wind band extensions 
for the exhaust systems were extended as re-
quired to create a uniform roofline profile 
for the building (see Figure 2).

The mixed-flow-impeller laboratory ex-
haust systems provide effective and reliable 
exhaust functions for the new chemistry 
building without adding noise or creating 
vibration at the facility’s sensitive research 
laboratories. The mixed-flow impeller tech-
nology powered by direct-drive fans allows 
the cutting-edge research to proceed at GRC 
while maintaining a low profile both inside 
and outside the building. 
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Figure 2 Low profile of Tri-Stack laboratory ex-
haust systems presents an unassuming roofline.

Figure 3	 Technology of mixed flow impeller 
systems.
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