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Learning Objectives

* Understand how the difference between cooling loads for radiant cooling and all-air cooling is
impacted by the heat gain characteristics, by indoor surface characteristics, and by the
availability of passive cooling overnight.

* Understand the limitations of current radiant design tools and learn how this new webtool
can help HVAC designers consider innovative radiant cooling systems with high-thermal
mass.

* Understand experiments conducted to analyze differences in the cooling load of |) radiant and
I1) all-air systems, and rank the parameters that have impact on the difference in loads between
these two systems.

e Explain the ideal load for radiant systems and understand the impact of an undersized radiant
system on indoor air and surface temperatures.

ASHRAE is a Registered Provider with The American Institute cz{ Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.
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Outline/Agenda

Review types of high-thermal mass
radiant system used in the web-tool

* Layout of web-tool

* Steady-state
* Transient

* Go through a couple examples
e Steady-state
* Transient

Construction workers installing high thermal
mass radiant system.



Considerations for high-thermal mass radiant systems

. . Floor covering
* Transient effects dominate bedded ~——  (optional)
Embedde O O Floor construction
* Ability to activate/control a surface \/\/\/\ /L Insulating layer
substantial amount of thermal systems

Building structure

mass in the room (ESS)

* Energy storage Floor covering

* Load shifting _ — (optional)
Thermally activated Building structure

building systems

Heating/cooling tubing
(TABS)

Types of high thermal mass systems incorporated in the web-tool.




Considerations for high-thermal mass radiant systems

* Exposed surfaces

are important! J\ J\ HE

kA
.l.l.

The space’s thermal mass is also important in determining a high-
thermal mass radiant system. Graphic source Caroline Karmann.



Current state of radiant system design approach

100%
* No consistent tool Unknown
* Same methods as for all-air
systems are used for radiant Heat balance and
systems advanced methods
* Limitations
Steady-state
Independent of control
Independent of HVAC system
. Detail.ed simulation- tools are Steady-state and
percelvgd as compllcated, time radiant time series
consuming, and high cost
0%

Methods used for cooling load calculations (N=22)



Layout of the webtool: Steady-state
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Screenshot of web-tool for the early design of high-thermal
mass radiant systems.



Layout of the webtool: Steady-state
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Screenshot of web-tool for the early design of high-thermal
mass radiant systems.



Layout of the webtool: Steady-state
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Screenshot of web-tool for the early design of high-thermal
mass radiant systems.



Layout of the webtool: Steady-state
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Screenshot of web-tool for the early design of high-thermal
mass radiant systems.



Layout of the webtool: Transient
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Screenshot of web-tool for the early design of high-thermal
mass radiant systems.



Layout of the webtool: Transient
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Screenshot of web-tool for the early design of high-thermal
mass radiant systems.



Layout of the webtool: Transient
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Screenshot of web-tool for the early design of high-thermal
mass radiant systems.



Example: Verify that system parameters meet the required load

* 100x20ft(30.5x6 m)
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Demo: Steady-state example

Surface heat
flux = 12.2 Btu/h-ft2
(38.5 W/m?)

Initial design does not
meet the required heat
gain load of

14 Btu/h-ft2 (44 W/m?2)!

STEADY STATE

TRANSIENT

RESQURCES

This is an alpha version of the tool that is actively under development. Expect bugs and please let us know about them by email if you find one.
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Demo: Transient example
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Demo: Transient example
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Conclusion

[ Surface Heat Flux [__] Hydronic Cooling Load Heat Gains
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. 25
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Output example from transient calculations.



e Continue development

* Resources
e User’s guide documentation
* Sequences of operation for radiant control

* EnergyPlus example models that includes
control sequences

Infrared picture of ceiling with high-thermal
mass radiant system.
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Questions?

Carlos Duarte
cduarte@berkeley.edu

Paul Raftery
p.raftery.berkeley.edu
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