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Exhibit D



/ HP7000 Fan /

The Marley HP7000™ fan line is
designed for industrial cooling
tower applications, offering
distinct advantages over other
fan designs. Marley’s FlareTip™
blade enhancement provides
increased performance
overcoming tip clearance
losses—aiding the movement of
air next to the fan cylinder.

The wide blade design is well
suited for low noise operation,
delivering superior air flow and
pressure capability at reduced
speed. The High Performance
HP7000 airfoil is one of the most
efficient in the industry today.

A nylon leading edge erosion
barrier is molded into each blade
to insure long service life.

The hollow blade is designed
with a deep section airfoll
making the HP7000 strong, yet
light and easy to handle.

Constructed of fiberglass
reinforced epoxy in one
continuous piece, with a
consistent moment weight,
HP7000 blades are
interchangeable without the
need to rebalance the fan
assembly.

Each blade is gripped between
two machined clamps for
attachment between dual

hub plates. By loosening the
attachment hardware, blades
are easily rotated to achieve
desired pitch delivering precise
utilization of fan horsepower.

Superior strength, excellent
quality, light weight, outstanding
performance plus an unmatched
2-year warranty make Marley’s
HP7000 the fan of choice for
today’s cooling towers.

Marley

Beyond Cool



/ HP7000 Fan /

B Fiberglass Reinforced
Epoxy Laminate—
Laboratory test have
proven the superior
durability of epoxy resin
compared to either
polyester or vinyl ester
laminates. HP7000
epoxy blades provide
long term leading edge
erosion protection from
cooling tower carryover
water droplets.

B Single Piece
Construction—Each
HP7000 blade is a single
piece composite molding
ensuring structural
integrity. Unlike fan blades
with bolted or glued

connections between the
blade shank and airfoil,
HP7000 blades provide
unobstructed distribution

of load from shank to tip.
The HP7000 blade handles
the toughest cooling tower
applications while reducing
blade stress by 35%.

Twisted Tapered Airfoil—
Aerodynamic design
optimizes the performance
characteristic of the HP7000
blade. To boost efficiency the
HP7000 airfoil compensates
for low tangential speed
near the blade root with a
wider chord and increased
angle of attack. The twisted
and tapered HP7000 airfoil
delivers greater cooling

tower capacity without the
increased horsepower
requirements of less efficient
competitive blades.

Heavy-duty Hub
Assembly—Marley
HP7000 fans are designed
for continuous duty in all
cooling tower operating
conditions. Available

in diameters from 240"
through 394" (10 meter),
the HP7000 fans utilize a
dual-plate hub assembly

of heavy galvanized steel
plates with epoxy coated
cast iron blade clamps. All
hub hardware is series 300
stainless steel. 316 stainless
and monel hardware

is available for more
corrosive environments.

Marley

Beyond Cool
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/ HP7i Fan /

Marley HP7i fans are designed specifically for cooling
tower applications, offering distinct advantages over other
types of fans. Marley’s Flare Tip™ blade enhancement provides
increased performance overcoming tip clearance losses,
aiding the movement of air next to the fan cylinder. The wide
blade design is well suited for low noise operation, delivering
maximum air flow and pressure capability at reduced speed.
The HP7i airfoil is the most efficient in the industry today.

Fiberglass reinforced epoxy laminate construction protects
against leading edge erosion. The hollow, thick section
airfoil blade design makes the HP7i light and easy to handle.
Constructed uniformly with a consistent moment weight,

HP7i blades are easily interchangeable without the need to
rebalance the entire fan assembly.

Blades attach to the fan hub using a heavy-galvanized
iron ring integrally molded with each fan blade. By loosening
the hub attachment hardware, blades can easily be rotated
to achieve desired pitch permitting maximum utilization of fan
horsepower.

Superior strength, excellent quality, light weight, plus
unmatched aerodynamic performance make the Marley HP7i
the fan of choice for today’s cooling tower owners.

Marley

Beyond Cool



/ HP7i Fan /

/ Suggested Specification /

Fiberglass Reinforced Epoxy Laminate—Epoxy resin
has been proven to be much more erosion resistant than
softer polyester or vinyl ester resins. This is important for
long term leading-edge erosion resistance caused by fine
water droplets impacting the fan blade.

Single Piece Construction—The HP7i blade is a single
piece composite design ensuring structural integrity. Fan
blades with bolted or glued connectons between the
blade shank and airfoil section introduce an additional
mechanical joint under stress. The one piece composite
design ensures the integrally molded leading-edge will
not come off or fail and the blade will handle the toughest
cooling tower applications.

Twisted Tapered Airfoil—This blade design optimizes the
performance characteristic of the fan blade. To obtain the
highest efficiency possible the HP7i airfoil compensates
for low tangential speed near the blade root with a wider
chord and increased angle of attack. An airfoil of constant
cross section and no twist cannot match the HP7i
efficiency. The result of the twisted tapered airfoil is greater
cooling tower capacity without increased horsepower.

Heavy-duty Hub Assembly—Marley HP7i fans are
designed for continuous duty in harsh cooling tower
operating conditions. Up through 216" fan diameter the
hub is epoxy-coated cast iron. Larger diameters utilize a
dual-plate hub assembly of heavy galvanized steel plates
with epoxy coated cast iron hub and blade sockets. All
hub hardware is series 300 stainless steel. 316 stainless
and monel hardware material options are available for
more severe duty.

Marley

Beyond Cool
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Howden Cooling Fans

RETROFIT OF A LARGE COOLING TOWER IN COMBINATION WITH
A SIGNIFICANT NOISE REDUCTION

At first, a comparative perfor-
mance and sound test was done
between a super quiet fan and a
classic straight bladed fan.
Measurements by an independent
German acoustic consultant were
made before and after the revamp.
The results from this test showed
the difference in noise level of

15 dB(A) between the super quiet
fan and the classic straight bladed
fan, and proved the potential to re-
duce noise in the existing cooling
towers when using the super quiet
fan. For OMYV it justified the
required investment and the deci-
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Cooling Tower at OMV, Vienna

OMV has a large refinery outside the The super quiet SX-fans that were used for this
Austrian capital of Vienna. Typically large revamp are shown in figure 1.

cooling towers are a key part of the instal-
lations at such a plant. After 18 years of
operation, cooling tower number 3 required
replacement of the rotating equipment,

i.e. the fans and drive trains. In addition,
OMV has a strict environmental impact
policy that revamps must lead to substantial
noise reduction.

These two items, the need to retrofit and the overall
policy for noise reduction at this site have been the
starting point for the revamping project on cooling

tower number 3, which has 24 cells with 22 ft. dia-
meter fans.

Figure 1
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Howden Cooling Fans

Noise Data (LwA) in dB(A) table 1-
Before After verification
test results
Air inlet, down at the tower LwA 110 110
Air outlet, fan stack LwA 115 100
Drive train LwA 110 94
Total of cooling tower LwA 117.7 110.9
At the nearest housing areas SPL 49.1 39.2

The SX-fans are quiet for the following two main
reasons:

The higher blade coverage in the cross sectional
area (solidity) of the SX-fan enables the air flow to
be archieved at a lower speed than a conventional
fan type.

The special blade shape with swept forward lea-
ding and trailing edges generates less noise than

a conventional fan type.

As a result SX-fans archieve a given air flow gene-
rating 10 to 15 dB(A) less nouse, when compared
to classic straight blade fans or, the other way
round, the SX-fan can provide substantially more
air flow for a given noise level.

Howden

When using SX-fans in low noise applications
special attention has to be paid to the drive train,
to ensure that the gain on aerodynamic noise
reduction is not wasted by noise generated by the
E-motor and/or gearbox.

It is obvious that when standing beside a counter
flow cooling tower the splashing water is the
dominant noise source. However, measurements
by an acoustic consultant proved that for the envi-
ronmental noise at the nearby housing area, the
fan impeller and drive train were the dominant
noise source and that they would benefit from
this noise reduction. A summary of the archieved
noise reduction is given in table 1.

Howden Cooling Fans
Lansinkesweg 4

P.O. Box 975

7550 AZ Hengelo, The Netherlands
Tel:  +3174255 6000

Fax: +3174 255 6060

Web: www.howdencoolingfans.com





