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Principles of
Radiant Cooling

Radiant technologies can reduce
operational costs while maintaining
comfort
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Max Rohr

Marketing and Academy Manager | Building Solutions

| teach people to move energy well, with water.

Buildings account for 39% of total U.S. energy
consumption, according to 2019 EIA data. | work with
an awesome team of radiant heating/cooling and
plumbing experts to help design and construct high-
performance buildings, utilizing PEX pipe.

I
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Agenda

By the time you have completed this learning unit, you should be able to:

1.
2.

Define the variables of human thermal comfort

Describe the methods of using radiant cooling systems to maximize the benefits
of energy-efficient heating/cooling sources

Explain considerations for system design that effectively utilizes radiant heating
and cooling technology

Detail case studies that best utilize radiant cooling technology
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Course description

This course is an
Introduction to radiant
cooling for all
audiences. From the
physics of absorbing
heat energy through a
network of pipes to
application
considerations for
energy efficient system
design.
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What is radiant technology?

A A method of conditioning a space by
warming or cooling its surfaces

A Altering the mean radiant
temperature of a space, by
circulating a water-based medium
through a network of PEX pipe
embedded in a surface
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PEX

A PEX is material consisting of crosslinked
polyethylene molecules

A HDPE molecules are permanently bonded during
the process

A Crosslinking:
A Improved high temperature strength
A Better resistance to slow crack growth
A Excellent flexibility
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Properties of PEX

A Hydrostatic pressure ratings are based on more than 16,000 hours of continuous testing at 3 temperatures

A ASTM temperature and pressure ratings on PEX pipe include:
A 160 psi @ 73.4°F (23°C)
A 100 psi @ 180°F (82.2°C)
A 80 psi @ 200°F (93.3°C) REHAU defines Elevated Temperature Applications as those with operating
conditions greater than 180°F (82.2°C). Check with REHAU regarding these applications.

A REHAU PEXa pipes typically burst between 850 and 900 psi when tested at 73.4°F (23°C)
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Properties of PEX

Flexible, typical bend radius of 8X OD
Durable pipe to withstand job site conditions
- Efficient to install, long coils reduce waste
- No flame, glues, or fumes required to install PEX

- Lightweight and compact for shipping, hauling,
and hanging

"

Bend Bend
Radius Diameter

Bend Radius in (mm)

Pipe Sizeg Typical 8X OMin. Cold 5X Ol
3/8 in 4.0 (102) 2.500 (64)

1/2 In 5.0 (127) 3.125 (79)

5/8 In 6.0 (152) 3.750 (95)

3/4 in 7.0 (178) 4.375 (111)

1lin 9.0 (229) 5.625 (143)
11/4in |11.0 (279) |6.875 (175)
11/2in |13.0 (330)

2 in 17.0 (432)
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Comfort




Comfort - Human heat transfer

A Heat emission from the human body at
rest (diagram)

A Radiant cooling reduces the surface
temperatures in a room, which draws
more heat from our bodies via radiation

A A New Buildings Institute survey of
1,645 building occupants found,
space using a radiant system, a person
has a 66% chance of having an equal or
higher temperature satisfaction than in
anal-ai r conditioned building. o

Energy Use, Occupant Surveys and Case Study Summary: Radiant Cooling and Heating in
Commercial Buildings, New Buildings Institute and Center for the Built Environment, 2017

Respiration and
evaporation
~25%

Radiation
~62%

Convection
n1l1p9% a

Conduction
~3%

Healthyheating.com
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What is radiant technology?

1. Embedded Thermal Masses

Respiration and evaporation ‘

~25%

Radiation
~62%

2. Ceiling Panels

Convection
~10%

Conduction
~3%

3. Chilled Beam
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Principles of radiant heating

Occupied
space
Heat emits from the network of PEX, warming the
surfaces in the space.
Natural
convection
Radiation

Floor covering

Concrete

PEX

Insulation
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Principles of radiant cooling

Occupied
space
A In cooling mode, the network of PEX is used to
absorb heat out of the occupied space by
circulating cooled water instead of warm water
A Warm surfaces always radiate to cool ones,
regardless of direction Natural
convection
Radiation

Floor covering

Concrete
PEX

Insulation
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Principles of radiant cooling

A Away to absorb heat from a space by
reducing the average surface
temperature of the room

A Energy efficient and comfortable

A Often part of a hybrid approach with
ventilation systems
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Hybrid radiant/ventilation systems

- Sensible heating and cooling loads
- |deally, maximizing the share of the load from the radiant system

- Fresh air
- Ventilation is required to meett h e o0 c c u p ainrégsi@meints; eheck local codes for specifics

- Latent cooling loads
- Radiant cooling systems only address the sensible loads. Ventilation air is used to maintain moisture limits

in the space (latent cooling)

Decoupling the sensible and latent loads, to highlight the strengths of each system
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Comfort i1s not a number on a thermostat

The six primary factors for
thermal comfort according to
ASHRAE Standard 55 (Thermal
Environmental Conditions for
Human Occupancy):

A Metabolic rate

A Clothing insulation

A Air temperature

A Air speed

A Humidity

A Radiant temperature

g CBE Thermal Comfert Tool

Inputs

Select method:
Air temperature
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Mean radiant temperature
75 L °F
Air speed
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Relative humidity
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Cre m ensemble

Dynamic predictive

Solar gain on occu

Reset  Set pressure

clothing
pants
SIIP | ? Help
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The Center for the Built Environment, University of
California Berkley
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Comfort - Radiant cooling

Pink area = approximate comfort zone
‘ Radiant cooling
@ rorced-air

90

A By absorbing more heat via radiation,
the air temperature doesngts0

as cold to provide comfort e
A The pink area of the chart is an 2 170
acceptable set of conditions for most o
I £
beopie 2 60
£
20

50 60 70 80 90
Mean Radiant Temperature (°F)

MRT comfort graph originally published in
Architectural Forum, January 1939
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Radiant cooling

ALetbs say you walk around a
sunny side of a building to the shady side

A Assume it is 40°F (4°C) day with no wind

A Do you feel warmer in the sun and colder in
the shade?
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Comfort Study
Infosys SDB1
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Radiant cooling comfort study - Infosys SDB1

Mean 0.77

50— v Mean (.14
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5 33% 2 40
S 30 =
g S 30- 0
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Bh - & 10-. &L il
[]_4
0 -
- -1 0 3

- — s
Dissatisfied ~ Neutral Satisfied ’ i

Dissatisfied ~ Neutral ~ Satisfied
Radiant System VAV System

Radiant side - 63% answered VAV side - 45% answered

ARnsati sfiedo or hsati sfiedo or
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Radiant cooling systems




Design conversations to have with stakeholders

What is the use case for the building?

What floor and ceiling coverings are planned?

What portion of the load will you cover with radiant?

Who is in charge of the controls system and are they in communication with the engineers/contractors?
Will operable windows be considered in the project?

What are the deadband considerations when determine the control strategy?

Too Joo Too Joo To To
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Surface temperature limitations

A According to ASHRAE Standard 55, to keep humans comfortable the floor temperature should:
A Stay below 84°F (29°C) in heating mode
A Stay above 66°F (19°C) in cooling mode

A CSA B214 has surface temperature limits that are specific to the type of occupied space you are
working with. Bathrooms, swimming pools, perimeter areas, etc. have different values.
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Hybrid systems

Air-based System Radiant Cooling Hybrid System

VS.
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Hybrid systems

] I Latent Cooling Load ) ] ;
Air-based system I Sensivle Cooling Load Radiant cooling hybrid
- Cooling coil sized for system

100% of the sensible - Transfer more of the

and latent loads sensible load to the

- Larger equipment radiant surface

may be required . :
- Air-side coil may be

downsized, because it is
responsible for the latent
load and a small fraction,
or none of the sensible
load

WA
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Energy efficiency studies

A A New Buildings Institute research study of site energy use in 23 radiant buildings found: Radiant buildings

are more energy efficient than 90% of comparable buildings, with two-thirds receiving an EnergyStar score of
90 or above.

A @ T rstedy noted that two independent study datasets found the majority of zero net energy buildings use

radiant systems, which suggests that leading designers have identified radiant systems as a part of their
solutiontogettolow-ener gy resul ts. o

A Radiant buildings used 32% less energy than the EIA 2012 Commercial Buildings Energy Consumption
Survey average.

Energy Use, Occupant Surveys and Case Study Summary: Radiant Cooling and Heating in Commercial Buildings, New Buildings Institute
and Center for the Built Environment, 2017
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Infosys SDB1 internal energy audit report

Annual Energy Index

4 NnNThe radiant cooli ng syst
4 387 energy consumption compared to the conventional
3 air-conditionings y st em. 0 Apr2012011

25.7

kWh/sgm

VAV m Radiant

Apr 2011 - Mar 2012
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Energy-efficient distribution - example

Radiant cooling base component
hydronic 3-speed circulator

Distribution efficiency =

Btu/h

Watts

12 times

°3000Bwihload _ 5o 1 Bru/h / Watt | more

87 W circulator
(7.0 gpm at 12 feet of head, 154F delta T)

efficient, in
this case

ventilation base component
% hp blower fan

53,000 Btu/h load
1,068 W blower, % hp

(3/4 horse power, 120V, 8.9 Amps)

= 49.6 Btu/h / Watt
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Design considerations




Common installation methods for cooling

A Radiant floor cooling and Occupied
. upl
floor heating space
A Uni-directional with
insulation underneath
to condition the
space above
A Heated/cooled floor Natural
convection
Radiation
Concrete
PEX
Insulation
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Common installation methods for cooling

Occupied
A Thermally activated building space
system (TABS) (BKT, Batiso) oY
A Bi-directional without Natural
insulation underneath to convection
condition the space Radiation
above and below

A Heated/cooled floor and
ceiling

Concrete

PEX

Radiation

Natural
convection

Occupied
space
below
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Commercial and residential projects?

A Commercial buildings where a new slab is being poured are the best applications

A Residential projects must account for the latent load as if ASHRAE 55 and 62.1 (commercial standards)
applied

A Design questions to ask:
A What portion of the load will you cover with radiant?
A Do you have a control strategy to monitor the fluid temperature and humidity levels?
A Will operable windows be managed in your infiltration calculations?

A What is your sequence of operations for an application where heating and cooling may be
used in the same day?
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Hybrid systems

A Decoupling the sensible and latent cooling loads

A Air-based cooling and ventilation systems control the latent cooling load, and any supplemental
sensible cooling you may need

AVentilation is required to meet a commerci al bui |
indoor air quality standards detailed in ASHRAE Standard 62.1

A Downsized ventilation components may be possible, since the radiant cooling is efficiently taking care
of more of the sensible cooling load
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Energy-efficient sources

Radiant cooling is an excellent match for the following systems:

A Water to water heat pumps, geo-exchange
A Air to water heat pumps
A Chiller systems

A Buffer tank temperatures can be optimized with an outdoor
temperature reset schedule for additional savings
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Pipe sizing and spacing layout examples

Ex: 1/2 in. pipe at 9 in. pipe Ex: 5/8 in. pipe at 6 in. pipe
A Radiant cooling systems may spacing for heating only spacing for heating/cooling
require closer pipe spacing : — : ==
and/or larger diameter pipe than = ; —
heating-only applications. S = i ==
A The heating side would benefit ; — : —
from more efficient operation with Iz : —
the resulting lower entering c — . :
supply water temperature ” ; —
= | |
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Building control strategy

Necessary information for proper radiant control:
- Accurate temperature and humidity in each zone
- Floor temperature sensor near the surface of the thermal mass
- Supply and return fluid temperature sensors in the piping network
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Geographical considerations

A There are no regions too humid for radiant cooling,
if the systems are controlled properly and latent
loads are addressed properly

To

Radiant systems must operate above dew point

T>

Controls for hybrid system monitor and maintain
acceptable conditions by trending the dew point
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