Innovation and Its Role in the Evolution of
Radiant Heating and Cooling Systems.
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Chinese Kang & Dikang

® The Chinese kang (bed-stove) is said to be derived from
the concept of a heated bed floor called a huogiang found
In China in the Neolithic period, according to analysis of
archeological excavations of building remains in Banpo
Xi'an. However, archeleogical sites in Shenyang, Liaoning,
show humans using the heated bed floor as early as 7,200
years ago .

® Typically, a kang occupies one-third to one half the area
the room, and is used for sleeping at night and for other
activities during the day. A kang which covers the entire
floor is called a dikang (literally "ground kang").



Chinese Kang & Dikang

® "The interior of an inn". In
illustration in H.E.M.
James book. It is followed
by a couple of pages
where he described an
Inn in the Hunjiang River
valley east of Tonghua, in
an area that was very
much a "frontier" of
Chinese settlement. Note
a long kang (bed-stove)
along the wall, shared
by the guests.




Korean Ondol

® Anondol, also called gudeul , in Korean traditional
architecture, is underfloor heating which uses direct heat
transfer from wood smoke to the underside of a thick
masonry floor. The earliest use of ondol has been found at
an archaeological site in present-day North Korea. A
Bronze Age archaeological find, 1000 BC, discovered in
Unggi, Hamgyeongbuk-do, in present-day North Korea




Roman Hypocaust

® A hypocaust (Latin
hypocaustum, Greek
hypocauston) was an
ancient Roman
system of underfloor
heating.

® The word derives from
the ancient Greek
hypo meaning "under”
and caust-, meaning

"burnt"

Villa gallo-romaine de Vieux-la-Romaine, prés de Caen, Basse-Normandie, France.



Roman Hypocaust

® Other examples of
“hypocausts” can be found in
Pakistan (Mohenjo-daro
2600 BC), the Republic of
Georgia (Dzalisa, 200-400
BC), Jordan “caldarium” (hot
room), Syria and in Spain
(Castile) where they are
called “Gloria”

® Problems; energy inefficient
(whole forests were lost)
labor intensive (constantly
need to be tended)

Qusayr 'Amra, Jordan caldarium dome

® Innovation; heated large
areas from a central fire.



Early Radiant Cooling

Water circulation; wealthy residents of
ancient Roman cites pumped cool
water from aqueducts into their villas
and apartments.

® The water circulated through
pipes installed in the walls,
lowering room temperatures
on hot summer days

Snow and Ice; According to legend,
several heat-averse roman emperors
had snow hauled down from the
mountaintops to cool their summer
villas. It is also said that the eighth
century

® Persian caliph Al-Mahdi,
packed the double walls of his
Baghdad palace with imported
snow and ice



Early Hydronic Cooling

® The Lotus Mahal (1540).
Water flows through
Intricate channels along
the walls to take away
heat from the interior.

® Innovation; hydronic
radiant and evaporative
cooling

The Lotus Mahal, Hampi, Karnataka, India



Earth Coupled Cooling

® Goreme was inhabited as
early as circa 1800 to 1200
B.C. Located on a high, dry
plateau in the middle of
Turkey , the region is one of
hot, dry summers and
c Old’ Sometl Mes SnOWy’ For more than a thousand years, people have

W| nte [S. made their homes in the soft rock of Cappadocia.

® Innovation; the famous
cave dwellings use Earth
Coupled technology to
help condition their living
space.

Elkep Evi Cave House - Urgup



Early Hydronic Heating

® 1700 Russian engineers
had started designing
hydrologically based
systems for central
heating . The Summer
Palace (1710-1714) of
Peter the Great in Saint
Petersburg provides the
best remaining example.

Saint Petersburg, Russia. Summer Palace of Peter | in the Summer Garden.



Development of the Radiator

1831 American inventor Angier
Marsh Perkins (1799-1881) was
granted a patent in Britain for a
boiler and expansion tube know
as the Perkins Steam Heater .
This, however ran at massively
high pressure, and was not
suitable for domestic settings.

1841 Perkins developed a lower
pressure system Perkins Hot
Water Apparatus , and an
understudy of his, Joseph
Nason, took what he had learnt
and moved back to New York in
1842 and the Walworth & Nason
company was established. This
was the early beginnings of
what was to become the
American Radiator Co .

Details of furnace and expansion tube from
US Patent 888 by AM Perkins, August 20 1838



Willis Carrier

In 1902 Willis Carrier
would build the first air
conditioner to combat
humidity problems
Inside a printing
company and in 1917
the first documented
theater to use air
conditioning made its
debut at New Empire
Theatre in Montgomery,
Alabama.

Innovation: removal of
humidity (latent load)
and increased comfort

1902: With human comfort the last thing on his mind,

a young mechanical engineer completes the schematic
drawings for what will be the first successful
air-conditioning system.



Emergence of Radiant Cellings

® 1907, Arthur H. Barker, a British
professor, discovered that small hot water
pipes embedded Iin plaster or concrete
formed a very efficient heating system

® Subsequently, “panel heating ” was used in
Europe in conventional buildings, on the open
terraces of many sanatoriums, and in an
open-air roofed pavilion at a British World
Fair



Toledo Blade December 22, 1914

-

1914 HVACS

Dinner Meeting —

“Radiant heating will be adopted”,
Mr. Coffey stated, “because it
makes possible substantial fuel
savings and provides greater
comfort than any other heating
system yet devised"

Wrought iron pipe coils
in floors and ceilings!



Influence of Frank Lloyd Wright

1905 Frank Lloyd Wright travels
to Japan where he experiences
an ondol heated home . He
later incorporates various early
forms of radiant heating in his
projects.

1937 Frank Lloyd Wright
installed radiant panel heating

in the Johnson Wax Building .
By 1940, “Architectural Record”
reported the existence of eight
such installations in different
types of buildings in the US: four
residences, a church, a high
school, an office building, and
an airplane hangar.

1937 Frank Lloyd Wright
designs the radiant heated
Herbert Jacobs house, the first
Usonian home.

Innovation; use of efficient
hydronic in-slab radiant
system



Influence of William Levitt

® 1945 American developer
William Levitt builds large
scale developments for
returning Gl's. Water based
(copper pipe) radiant
heating used throughout
thousands of homes.

® 1947 “Levittown” houses
sold for between $6,995
and $8,000 with monthly
payments as low as $57, a
low price even by 1947
standards.

® Levittown proved successful.
By 1951, it and surrounding
regions included 17,447
homes constructed by Levitt
and Sons.



Early Problems with Radiant Cooling

Radiant heating installations are easily converted into
radiant cooling Installations by running cold water through
the radiant panels. Most of the early cooling ceiling systems
developed in the 1930s failed, however, because
condensation often occurred in cooling mode.

Subsequent studies showed that this problem could be
avoided if the radiant system was used in conjunction

with a small ventilation system designed to lower the
dew-point of the indoor air . This combination proved
successful in a department store built in 1936-1937 in
Zurich, Switzerland, and in a multi-story building built in the
early 1950s in Canada. (LBL)

Problem : condensation

Innovation ; early DOAS system



1953 Alcoa Building, Pittsburgh

® Aradiant heating and
cooling system is
contained in the ceiling
structure, freeing the
window space under the
exterior walls from
radiators or air
conditioning units, and
providing an additional
15,000 ft2 (1400 m2) of
rentable space.

® Innovation; radiant
ceiling created extra
room space

Former world headquarters for the Aluminum Company of America.

Built in 1953, it was meant to showcase the Metal of Tomorrow.



1960 Kaiser Building

Completed in 1960 the Kaiser
Building in Oakland, is equipped with
a radiant cooling system. A study
conducted in 1994 showed that this
system does not perform to the
satisfaction of the occupants: it fails
to provide acceptable thermal
comfort.

The study demonstrated that the
failure of the system is due to the
design of the building (single-pane
windows with aluminum frames, a
large facade facing west), to a
gradual increase of personal
computers and office equipment
over time, and to the relatively low
cooling power of the radiant
panels employed. (LBL)

Problem ; building envelope, low
cooling power

Innovation; opportunity for
increased cooling power, higher
water temp, faster reaction time



1962 Shell Centre, London

® Radiant cooling panel
technology is used in both of
the 27-storey Shell Buildings
by the Thames in London.

® Water from the Thames
was pumped through a
heat exchanger to cool all
the ceilings totaling a
massive 1.9 million sq ft.
Shell's London headquarters
became Europe's first fully
sealed air-conditioned
building and, to date, this is
still the world's largest chilled
ceiling system.

® Innovation; geothermal
(river water) used for “high
temperature” cooling



1962 Shell Centre,

A technical evaluation considered a
number of alternative systems of air
conditioning; radiant ceiling with either low
or high air pressure distribution, double-
duct, induction or fan-coil. The choice by
the design-contractor G N Haden was a
chilled water radiant ceiling system , a
decision endorsed by the client’'s advisory
consultant, C S Leopold of Philadelphia,
for the following reasons:

“The main advantage of radiant cooling
lies in the fact that less space is
required for pipes to transfer heat by
water than for ducts to transfer heat by
air. The cost of pumping water is a
small fraction of the cost of delivering
air for the same heat transfer. The air
supply may be substantially reduced to
that required for ventilation and
humidity control and approximately
half the cooling load.”

Innovation; decoupling of sensible and
latent to reduce plenum space and
Increase energy efficiency

London



Radiant Panel History

1915 Dr. C.F.Burgess founds Burgess Laboratories in
Madison, WI.

1926, Burgess announced that his Laboratories would
investigate the phenomena of sound to improve the
acoustical properties in auditoriums.

1929 R. F. Norris of C.F. Burgess Lab develops perforated
metal acoustic panels.

1948 Norwegian inventor, Gunnar Frenger, came to the
United States with a complicated system for an acoustical
radiant heating ceiling . Burgess-Manning took an option
on Frenger’'s proposed license and after a thorough
iInvestigation became the United States licensee.



Frenger 1953

® Suspended panel

type air conditioner

US 2662743 A

Publication number
Publication type
Publication date
Filing date

Priority date (7)

Inventors

Original Assignee

US2662743 A
Grant

Dec 15, 1953
Feb 10, 1943
Oct 21, 1947

Gunnar Frenger

Gunnar Frenger

Dec. 15, 1953 G. FRENGER 2,662,743
SISPENDED PANEL TYFE AIR CONDITIOMER
Filed Feb. 10, 1ows 2 Shoete-Shest 1
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Rapp 1955

Oct. 25, 1955 G, M. RAPP 2,721,731
COMBINED FADIANT HEAT AND ACOUSTIC TILE UNIT STRUCTURE
Filed Jan, 8, 1851 '

® Combined radiant
heat and acoustic tile
unit structure

US 2721731 A

Publication number LIS2T21731 A
Publication type Grant

Publication date Oct 25, 1955

Filing date Jan 5, 1951

Priority date (%) Jan 5, 1951

Inventors Rapp George M
Original Assignee Houdaille Hershey Corp
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Frenger 1957

Feb. 19, 1957 K. 3. FREMGER E,TSZ,IJIH:E
PANEL. FOR RADIANT HEATING OR COOLING SYSTEUS
Filed Qoh. 1S, 2953 2 Shpats-—Shest 1

® Panel for radiant
heating or cooling
systems
US 2782006 A

Publication number US2782006 A
Publication type Grant

Publication date Feb 13, 1957

Filing date Oct 16, 1952
Priority date (7) Oct 20, 1951
Inventors Gunnar Frenger Karl

Original Assignee Gunnar Frenger Karl




Innovation “Drivers

Product differentiation

Competitive advantage

Continuous improvement

Increased performance

Reduced weight

Cost reduction (product, operating and lifetime costs)
Improved acoustic properties

Simplified manufacturing process (decrease complexity)

Application of emerging technologies



Conventional Configurations for
Thermal Transfer from Tubing to
Metal Panels

ALUMINUM OR STEEL STUD
PIPE HOLDOWN CLIP—\ —~ i/3},16, BUSH.ON NUT

L "/

II
THERMAL HEAT F‘ASTEJ/ \ ALUMINUM PIPE SADDLE

Innovation; improve thermal interface
and increase surface areas

4 or 6 pass copper meander tube panel

o Il

Spot contact with tubing soldered Aluminum profile Ae area

directly to metal panel

Thermal interfaces




Graphite’s Many Unigue

Properties

Superior thermal conductivity

Superior electrical
conductivity

Chemically & corrosion
resistant

Soft & conformable

Compressibility & recovery

Lightweight

Non flammable
Thermally stable
Non-wetting

Zero CTE



Expanded Natural Graphite

Intercalant

Intercalant




Graphite for Automotive

In the mid 80’s Graphite
replaced asbestos as the
material of choice in critical
high temp. engine sealing
applications.

Thermal stability,
conformabillity,
compressibility/recovery
& thermal conductivity
enabled many innovative
engine improvements

Innovation;: HP and MPG
Increased while engine
sizes, weight, and
emissions were all
reduced

GM Performance Parts
LSX 454-R Siamese Bore engine

4-1/3" Bore Head Gasket

+ 043" Thick, Graphite
« 1984-Up Big Twins




Graphite for Electronics Thermal
Management

The ever increasing heat generated in
consumer electronics created
opportunities for new thermal
management solutions;

- Thermal interface materials

- Heat sinks / Heat spreaders

Graphite’s unique properties led to it’s
widespread use for ETM solutions

Innovation; improved thermal
Interface and conductance
between device and HS, increased
surface area greatly improves heat
dissipation

Thermographic image of a mobile phone



Graphite for LED Cooling

® Graphite foil is used in
small form factor
applications as an
effective TIM & Heat Sink

® Graphite particles are
used as a conductive
additive in polymers to
enable injection molded
thermal management
solutions

® Innovation; brighter
longer lasting LEDs,
fewer parts, simplified
mfgr., lower cost!



Graphite for Radiant HVAC Systems

Why Graphite?

Soft, compressible and conformable
(tubing easily pressed-in + great thermal
interface)

Non flammable, non toxic & chemical
resistant

Good thermal conductivity = rapid and
uniform temperature distribution
(anisotropic)

Light weight = low mass & rapid response Insulation
time

The Innovation:
Significantly improves cooling and heating Graphite Activation Board

efficiency (high thermal conductivity +
great thermal interface + 360° tubing
surround + full panel emittance area)

Easily recycled

High performance; Metal ceiling >
_ Heating up to 41 BTU/SF/Hr (129 W/m?) _
- Cooling 35 BTU/SF/Hr (110 W/m?2) Meander tube




Side-by-Side Comparison

Graphite Conventional

Warm-up phase 11 seconds



Side-by-Side Comparison

Graphite Conventional

Warm-up phase 1:15 minutes



Side-by-Side Comparison

Graphite Conventional

End of warm-up beginning of cool-down phase 2:00 minutes



Side-by-Side Comparison

Graphite Conventional

End of cool-down phase 4:00 minutes




Performance according to DIN 14240



Performance according to DIN 14240

Graphite provides 58% higher active ceiling area!

How would this change your perspective on activated area of radiant ceiling systems?

Standard metal grid radiant ceilings Graphite Panel System

Ceiling Area = 100 m2 Ceiling Area = 100 m=

- Active ceiling area =62m2 (62%) - Active ceiling area = 98m2 (95%)]
|:| Inactive ceiling area =38m2 (38%) |:| Inactive ceiling area = 2m?2 [ 2%)

How does this reflect on vour system design?




Performance according to DIN 14240

Planners and architects face two key challenges during system design

How to maximize the cooling performance in a given room?

- Which system provides maximum cooling performance for a given ceiling area?

What is the minimum activated area to be installed to realize maximum architectural
freedom at a specified performance level?

= Which system provides the highest share of inactive ceiling area?

How to design a system that fulfills both requirements?




Performance according to DIN 14240



Performance according to DIN 14240

Graphite vs. Standard radiant ceiling performance according to
DIN EN 14240

— Graphite —Standard
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Performance according to DIN 14240



Performance according to DIN 14240

More design freedom with Graphite vs. Standard systems at a given
performance level
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Graphite Panel Options

-—

® Activation Boards (for metal
cassettes)
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Graphite Panel Options

“Finished Panels” (no
metal cassette required)
non-acoustic and acoustic

“Grid V” ‘ “Grid VA”
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Graphite Acoustic Panel



Acoustic Data



Acoustic Data



Acoustic Data



Acoustic Data



Acoustic Data



Acoustic Data



Other Innovations

® Graphite modified
gypsum boards

® Seamless radiant
ceilings

® Graphite modified
gypsum + activation
board system
32 BTU/SF/Hr (100
W/mz2 Cooling)
38 BTU/SF/Hr (120
W/m?2 Heating



Graphite Modified Seamless System

® “With Graphite the flow
temperature can be
increased from16 T to 18.5
T compared to the reference
with the same size of cooling
ceiling to achieve the same
thermal comfort in summer.

® A higher flow temperature
Increases the efficiency of
the refrigeration unit by 6 % in
the case of a naturally
ventilated building and by 7 to
8 % in case of a
mechanically ventilated
building .

® Moreover, the frequency of
the use of a dew-point
monitor decreases .



Other Innovations

Typical Phase Change Materials
(PCMs) have only relatively low
thermal conductivity. By using
PCM/graphite composite
materials, thermal

conductivity can be enhanced
by up to a factor of 100.

This combination enhances the
thermal conductivity and
enables PCM devices with high
heat capacity and dynamics.

Used in air conditioning
solutions PCM/graphite
composite materials can be
frozen during the cool summer
nights at virtually no cost, only to
be melted again for cooling
purposes during the day. The
high heat radiation from the sun
Is stored in the PCM and
returned to the cool atmosphere
during the following night.

L4

Graphite
Energy Storage
. System
Insid .
. (with PCM)
Absorption
of thermal

loads during
the day

Night )

Outside

Heat remov-

al to the envi-
ronment

during the night




Other Innovations

® PCM/Graphite plates could be charged overnight
when energy costs are lower, then slowly release
energy during the day.

® Combination high-mass/low-mass system

— PCM/Graphite

- Composite Material

\ Graphite

Lightweight Panels



In Summary

higher supply temperatures
when cooling / lower when
heating

decreased frequency of the use
of a dew-point monitor

optimum grid connection to
renewable energy sources

quick distribution of energy over
the entire ceiling surface

savings on system engineering
no draughts
no noise disturbance

no dust swirls

natural and contains no
additives

non-flammable
completely recyclable

higher performance from the
entire system

comfortable room acoustics new
design possibilities

large range of surface designs

more freedom in the integration
of technology, e.g. lighting



Climate control
for our times:
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Thank You



