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Overview of the Test Installation macnels
Test Objective

To determine the increase in thermal energy and
cooling capacity provided by Maxwell ™ in an industrial
milling application.

Chilled water loop
with,MaxXell""

Test Site and Cooling Operation

An industrial ceramic mill operated by Almatis GmbH in
Ludwigshafen Germany is capable of producing 50,000
tons per year of alumina. The Mill operates 24/7/365 with
an average running temperature of 100° C. The Mill is
cooled with a water-glycol mixture in a primary closed
loop, into which the Maxwell was added. A secondary
open cooling circuit uses water directly from the Rhine

River to remove process heat via a Heat Exchanger.

Due to environmental regulations, the Mill cannot operate
when the cooling outlet water into the Rhine River
exceeds 28°C, normally during July & August.
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Summary of Test Results H'

Performance results measured by Almatis using their own instrumentation confirmed that Maxwell
increased the heat transfer capacity of the mill cooling fluid by 15-20% depending on the production
cycle.

This was caused by a reduced approach temperature in the heat exchanger between the inlet river
water and the cooling supply water with Maxwell to the mill, thus allowing more heat to be
transferred from the milling process at higher river inlet water temps during the mid-summer
months.

By increasing the flowrate of the river loop, this additional heat was carried by the river water from
the heat exchanger without breaching the 28°C upper temp Limit.
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Thermal Energy Test Details 1
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Performance in the primary mill lOOp between the Base Fluid (water + Performance Results for a Full Single Production Cycle

glycol) and the fluid with Maxwell™ added (at 2% concentration by
Mean Rhine W/ Mill Thermal
volume) is calculated by using the measurement values from the DAS Fluid e?gmp";?:, ater Enlergy ?,:3}:,

The chart and table to the right compare the
thermal energy (kWh) generated by the Mill with a
base fluid of water/glycol versus the same base

Masowell

BaseFluid

Thermal Power (kKN

fluid with Maxwell. As noted in the adjoining table

and the following formula where:

Base Fluid 10.7 2,444,847
* Qdot = fluid thermal energy calculated for each sample Maxwell 2% 110 2,820,277
» Cp = specific heat of the fluid (measured in laboratory) Increase in Thermal Energy Transfer *15.4%
* Density of the fluid is also measured in the laboratory
Fluid Thermal Energy (kWh) = Qdot (kW) * 1/600 hour
* Flowrate of the fluid is measured by the DAS sensor where Qdot (KWh) - *mdot (kg/sec) * Cp (kJ/kg/°C) " AT (°C)

and Sample time = 10 samples per minute = 600 samples per hour

AT = inlet / outlet fluid temperature difference (from DAS sensors)

'Mass Flow Rate (mdot) = Density (kg/m?3) * Flow (m3/sec)
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Thermal Energy Test Details 1
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Steady State

Thermal Power — Production Cycle in Steady State
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Performance Results for a Production Cycle in Steady State
The chart above compares the thermal energy

(kWh) generated by the Mill with a base fluid of FLuid Mean Rhine Water | Mill Thermal Energy
ul (s}

water/glycol versus the same base fluid with Temp (°C) (kWh)

Maxwell. As noted in the adjacent table Maxwell Base Fluid 107 1,996,665

increased the thermal energy transfer in the Maxwell 2% 110 2,400,941

COOUﬂg lOOp by 20.2% when in Steady state. Increase in Thermal Energy Transfer +20.2%
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How Maxwell increases mill cooling capacity

The mill cooling heat exchanger has two Sides (labelled "A’
and "B") at which the hot and cold streams from both fluids
enter or exit on either side; The Logarithmic Mean
Temperature Difference LMTD is defined as follows:

LMTD — ATy — ATy ATy — ATy
B ln( ﬂT_a) - InAT4 — ln ATy
AT

AT 4 is reduced with Maxwell added to the mill cooling loop,
making LMTD a lower value. In the equation below, the

overall heat transfer coefficient U is higher with a lower LMTD,

to allow the same amount of heat energy Q to be transferred.
Q[kW] = U x A « LMTD

where:

Q [kW] = Heat energy

U = Overall heat transfer co-efficient
A = Surface area of the heat exchanger
AT, = Fluid 1 in from river - Fluid 2 (w/Maxwell) out to mill

AT = Fluid 1 out to river - Fluid 2 (w/Maxwell) in from mill

H1
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Mill cooling heat exchanger schematic

The Rhine River water temp rises (Fluid 1 in) during summer
months and AT, is reduced with Maxwell added to the mill
Fluid 2, making it cooler than without Maxwell ATg is fixed
(mill cooling output temp minus Rhine River temp limit).

Thus the mill can continue to be cooled for longer periods of
operation in summer months. An increased flowrate in the
Fluid 1 loop allows the higher thermal energy to be carried
to the river without breaching the 28 deg C upper limit.
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Thermal Power Generation at Varying Water HTm
Temperatures (Rhine River)

The chart at right shows the distribution of thermal
power in the primary (Mill water circuit for both
the Base Fluid and Maxwell™ at varying inlet
temperatures of Rhine River Water.
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The Y-axis values represent the range of thermal
power calculations over the entire test period,
grouped by inlet water temperature. These
calculations include those values during the Mill
“warm-up” process, for which thermal power varied

B Maxwell
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significantly until steady state operation was
achieved.
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Conclusion: Under steady state operation and Khilne witer tetpemuwe o)
at all water inlet temperatures, the thermal

power provided by Maxwell™ exceeded the

power provided by a normal water/glycol mix.
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Benefits of Maxwell
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Increase in Production & Margin:

Due to environmental regulations, the Mill can not operate when the outlet water exceeds 28°C. Since
Maxwell reduces the outlet water temperature the Mill will able to operate for longer periods especially
during the summer. The estimated additional Mill run times provided by Maxwell equates to
approximately seven (7) weeks per year resulting in an increase in annual productivity of 13.5% or 6,750
tons.

Reduction in Mill Maintenance:

To protect the inner surface of the Mill a layer of ceramic bricks are attached to the shell of the Mill with the
use of industrial adhesive. The more efficient cooling provided by Maxwell will increase the useful life of
the adhesive reducing the maintenance costs and downtime of the Mill. The increase in productivity
and the reduction in maintenance costs are to be determined.
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