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Software developed by EMPA‘

Materials Science & Technology
4



A HIGH ACCURACY SIMULATION SOFTWARE

SIMPLE TO USE:ALLOWS TO PERFORM PRE-

DESIGN STUDIES WITHOUT LEARNING TO BIEéP
USE THE SIMULATION PROGRAM TRNSYS R

|t is based on research and development
platform by EMPA, in the late 90s and early
2000

« EMPA and its team specialises in building energy
research has developed for the private industry
the program TABSCAL in order to develop the
market range of cooling by providing the
engineers and accurate tool to pre-dimension
radiant slab cooling and



PRESENTATION OF TABSCAL 2
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* The program TABSCAL will be used by the
participants to the training program in the form
of an exercise

* The participants will be able to take the
software with them when they leave

» Participants have signed an agreement about
the use of this program after the training
program
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* A lot of the significant work in the development
of radiant cooling design has been performed
by building energy group of EMPA in the early

2000 * Robert Weber
| , MPA‘ * (software

Materials Science & Technology d eve I o p
ment for

TRNSYS
9
TABSCAL
* Andreas
Pfeiffer

Koschenz, M. and Lehmann, B. (2000). Thermoaktive
Bauteilsysteme tabs. EMPA Diibendorf, Eidgendssische
Materialpriifungs- und Forschungsanstalt, Zentrum fiir Energie
Fale und

i Nachhaltigkeit ZEN.



BRIEF HISTORY OF THE
DEVELOPMENT OF TABSCAL

. Info sur tabscal léE-J

In the late 90s, the
building and a group of
EMPA has assisted
TRANSSOLAR in
developing an accurate
model of slab cooling to
be adapted to the
simulation program
TRNSYS
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Version 1.01

A Pl e caloul ches swetinmes o ddments e corstrucion thermo-actils acta

Distribution/ Support
Yezcal SA, Syetémes de chauffage, CH-1800 Yeven
e-mail: infoEvescal.ch

v vescal.ch

Développement

Markusz Koschenz
Er P4 Dibendorf, Spstémes énergétiqgues/nstallation du batiment, CH-3600 Diibendarf

Design et méthode

Andreaz Preiffer et Beat Lehmann
EMPA Dibendarf, Sustémes énergétiquesdnstallation du batiment, CH-3600 Diibendarf

v empa. ch

Réalisation
b arion Hiller
TRAMSSOLAR, Energietechnik. GmbH, Curiestr, 2, D-70063 Stuttgart

vy branEzolar com

en collaboration avec
Fritz Giinther, Saoftware-Atelier
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TABSCAL CAPABILITIES

Simulation of an
intermediate floor
of an office which
is equipped with a
slab cooling in the
ceiling and in the
floor for ceiling
cooling of the
floor below

The area is
defined by the size
introduced on the
first screen

— Length

— Width

— Height
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TABSCAL INPUT DATA (1)

* The type of tube has to be
choosen (Vescal) then

» the pipe diameter mm
* the tube spacing mm
* the number of loops

* he specific mass flow rate
per area

» The operation of the slab
hydronic circuit schedule

 The temperature schedule
of the water supplied to
the slab circuit

» The effectiveness of the
plate heat exchanger

« All these parameters can
be changed, allowing the
user to quantify the
impact of any variation of
these parameters

Systéme d'éléements de construction thermo-actifs ecta

N\
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Systéme de conduites

Type de tube: GF VESCAL

[hamétre
inkErieLr/emtéraur;

Ecartement des
tubes, dw:

" Défini par l'ukilizateur

12416 mm '-"“ 19/20mm ¢ 20425 mm
 200mm O 280mm O 300 mm - 300

M ode de pose: |

MHaombre de regiztres: @tk.

Longueur des reqistres, |: 16000 m

Débit massique
min. pozzible,  m

Perte de charge. Ap:

Exploitation

rofil tempn:nre andaff
Frafil temparel ) °C In?[cat|n':r1§
~ supplémentaires

Horaires d'exploitation:

Température départ
échangevr de chaleur, 5 :

Rendement de I'écha-

ngeur de chaleur, 2,

Débit mazzique, I‘i'lS

-

Attention: Mode de poze bifilaire [ezcargot] paz possible

g /b surf. avec
Lbes

_ Iﬁ ko hné zuwif. avec

sp.min’
5951 kPa — Daomaine de dimensionnement 15 - 20 kPa

tubes

St

—— 5

o |

Annler |



../5 Simulation Tools for Radiant Cooling System/Tabscal/Tabscal help PJ1e.pdf
Tabscal help PJ1e.pdf

TABSCAL INPUT DATA (2) B'ED
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* Persons
occupation

schedule _
Charges thermigues . \

« Computer,
equipment
SC h ed u le MNormbre de personnes: r

* Lighting N

SC h ed u le Mombre d'ordinateurs: i Type dordinateur.  |PC avec écran, 150%W j
« User defined

Surface au zol (BF]; | B25.00 m

Personnes

N’

Type d'activité; travvail de bureau j

Edairage

load S Charges thermiques: W.-"n‘F BF Type de lampes: |tu|:|es flucrescents j
- A n d CO n veCti O n Pourcentage convection: | a0 %
part of the
gains Charges définies par l'utilisateur

Charges thermiques: Prafil terparel )

/mf BF  Pourcentage convection: | @

] | Annuler |




CONVECTION/RADIATION
DISTRIBUTION

The distribution between radiative and convective load can be assesses, by
specifying only user defined loads and varying the percentage of convective part all

other conditions remaining the same
100% radiant load
(imagine a lamp in a cooled glass sphere)

Maximum air
temperature in
the office =
25.5°C
(temperature

profile over 24
hr)

30.00

20.00

Temperaturen [°C]

10.00

100% convective load (fan heater)

Temperaturen [*C]

— T_luft

— T_raum

— T_boden — T_k_tabs

40.00

Maximum air
temperature in
the office =
29°C
(temperature

profile over 24
hr)

30.00

Temperaturen [*C]

10.00




ENTERING INPUT DATA IN

TABSCAL
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A% Menu principal

Calcul

Sélection systéme Yescal ‘



Tabscal help PJ1e.pdf
Tabscal help PJ1e.pdf
inputs exercise 1a.pdf
Tabscal help PJ1e.pdf

Caractéristiques M
Drésignation: zol/plafond
- Sol et plafond
Surface de |'!é|é”"3”t I B25.00 mé twec suface zanz lubez. & Oui ¢ Non
de congtruction;
Pourcentage surface zans I 10 %

tubes [paz de ectal:

Croquis;

Type de sal | 25 £m béton, Résist. themn. RS = 0.10m2KAY v |

Rewvatement de plafond I Résistance thermique BP = 0,12 m2K.A ;I I—l

suface avec ecta:

Revetement de plafond I Résiztance thermique RP = 0.12 m2K.A ;I
suface sans ecta;

k. I Annuler |
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Fig. 4-2: Widerstandsnetzwerk, Dreiecksschaltung

Fig. 4-3: Widerstandsnetzwerk, Sternform
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TC

Figure 4-1: RC-model representation (Sourbron, 2012)
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Fig. 4-4: Rohrmantel mit Temperaturbezeichnungen
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3000 T
X turbulent
T 2500 | T
% [ 5 L
£ 2000 pab 4 .
n"”
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Massenstom m [kg/h]

Fig. 4-5: Konvektiver Warmedbergang fir verschiedene
Rohrdimensionen bei laminarer und turbulenter Strémung
(89,, = 20 °C; max. Strémungsgeschwindigkeit w = 0.5 m/s)
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Fig. 4-7: Anderung der Wassertemperatur in z-Richtung
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4-3 Modelling in EnergyPlus - Simulation models & Radiant sys-
tem models =

This section has been retrieved by the documentation of EnergyPlus. In this section, the
methods which EnergyPlus uses to simulate heat conduction and conerete core activation are
analyzed and the controls of CCA are explained.

One of the most important forms of heat transfer in energy analysis is heat conduetion
through building elements such as walls, floors and roofs (ENERGYPLUS, 2013). While
some thermally lightweight struetures can be approximated by steady state heat conduction,
a method that applies to all structures must account for the presence of thermal mass within
the building elements. As mentioned in chapter 2, TABS refer to temperature-controlled
surfaces that heat or cool indoor spaces by adding or removing sensible heat and where more
than half of heat transfer occurs through thermal radiation (American Society of Heating and
Engineers, 2008). Moreover, since HVAC systems are integrated in the building’s struetural
components, such as slabs, there is the effect of thermal storage inside them. This fact
requires dynamic caleulation methods based on transient heat conduction which means that
conduction occurs when the temperature within an object changes as a function of time.
Therefore, steady state caleulations are insufficient. In the following sections the caleulation
methods of radiant system models is presented.

16
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Figure 5-1: Differences in mean air temperature between TRNSYS and EnergyPlus - Test 1
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Figure 5-2: Differences in mean air temperature between TRMNSYS and EnergyPlus - Test 2
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Fig. 1: Adiabater Raum zur Priifung von Raumkdihl-

flachen nach DIN 4715-1, Teil 1
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charakteristischer
Widerstand der -

- B
wird berechnet Rorkioiniin

ﬂin : 1gw \ﬁr.i
o— < -
~
Y
\wf\

aus DIN-Prifung

Fig. 2: Widerstandsnetzwerk einer Klihldecke: Ermittlung des
konstant bleibenden charakteristischen Widerstandes Ryqy
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D E L Ceiling_fan_02e
FOR STU
OF HEAT
TRRANSH
COEFFIC
NTT H

Speed (m/s)
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1) «CONVENTIONAL» DESIGN BEED

Hydronic design with
fixed 6/12°C Chilled
water and mixing to 14-
16 °C for the slab/panels

Loss of the benefit of the
higher COP with higher
evaporation temperature

Bypass on the demand
side - low differential,
more power for pumps

BUILDING ENERGY
EFFICIENCY PROJECT

cooling pumps

Bypass (3 way valve)?

22
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2) IMPROVEMENT BY CONTROLS:

«CONVENTIONAL» DESIGN OPTIMISED BIE,LP
WITH GLIDING CHW SET POINT —
* Hydronic design w1+t;iﬁ - —

1lled warter
and mixing to 14-16E°‘c4
for the slab/panels

Wi t h g lid i n g. a.CCO.rd i n g e Constant flow rate 2wayvalve ("o Radiant panel
to dehumidification T e
(d ew pO] N t ) “C when n§::(;£;nidiﬁc;tion

* Only part time benefit |
of the h]gher COP with _— chiled vaterretur Higher IroeetgtnuriHW

higher evaporation
temperature

24



3) FURTHER IMPROVEMENT BY
CONTROLS: «CONVENTIONAL» DESIGN
OPTIMISED WITH GLIDING CHW AND
CWT SET POINT

- Hydronic design with gliding CHWqungsetPW iy
6/12°C to 12/17°C Chilled @
water and mixing to 14-16
°C for the slab/panels with L
gliding according to
dehumidification (dew

point) et
« Benefit of the higher COP Constant flow rate
W]th higher evaporatlon CHW gliding set point 7 --> 12
tem peratu re °C when na::;:[;nidification
» Benefit of the lower
condensing temperature chilled water return

by-pass

25
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Higher return CHW

temperature



CONTROLS: «<CONVENTIONAL» DESIGN
OPTIMISED WITH GLIDING CHW AND BEEP
CWT SET POINT AND VARIABLE FLOW

4) FURTHER IMPROVEMENT BY
||\

Hydronic design with gliding . e

6/120C tO 12/17°C Ch]lled CHY\{g‘iqingsetpoi (d j *‘
water and mixing to 14-16 °C o
f(l)rdthe slab/ganels with

gliding according to

dehumidification (dew point) .
Benefit of the higher COP with

higher evaporation co0ing pumps

te m pe ratu re Variable flow rate 2 way valve (no Radiant panel

bypass, variable no bypass

Beneflt Of the lower CHW gliding set point 7 --> 12 flov) e
COndenS] ng tem pe ratu re °C when no dehumidification

needed
Less power for CHW and
condensing water loop cillegvaterreum L

by-pass temperature

26



Separate chillers
for sensible and
latent cooling
loads
— Main chiller for
sensible cooling

* Higher CHW
temperature
(7°C > 12-
14°C)
» Higher COP
— Smaller chiller
for latent load
* dehumidific
ation

Indo-Swiss Building Energy Efficiency Project
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CHW gliding set point 7 --> 12
°C when no dehumidification

0X X o needed
CH iding set poi Il “%‘—‘ DOAS
) cooling coil
S |

Main chiller (radiant cooling

hydronic)

Small chiller (DOAS)

cooling pumps

Variable flow rate Radiant panel

hydronic network

CHW gliding set point 12 --> 16
°C

chilled water return

by-pass Higher return CHW
temperature

27




Separate chillers for
sensible and latent
cooling loads

— Main chiller for
sensible cooling
* Higher CHW
temperature
(7°C > 12-
14°C)
» Higher COP
— Smaller chiller for
latent load
* Dehumidificati
on
— Free-cooling for
the radiant
network
(Northern India,

)
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I wL] CHW gliding set point 7 --> 12
Jd °C when no dehumidification
i needed
A
DOAS
cooling coil
Small chiller
(DOAS)

cooling pumps

X Radiant panel
Variable flow rate hydronic network

CHW gliding set point 12 --> 16
°C

Main chiller (radiant cooling
hydronic)
chilled water return

by-pass Higher return CHW
temperature

28
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RECAP OF THE CONCEPTS A=
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1. Conventional

2. Improved conventional by control
— Gliding CHW temperature

3. Further improvement by controls:
«conventional>» design optimised with gliding
CHW and CWT set point

4. Further improvement by controls:
«conventional» design optimised with gliding
CHW and CWT set point and variable flow

5. Improvement by design 2
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COP

14

12

10

High performance centrifugal chillers 6/12 28/34

—e—Centrifugal
mag bearing

| —=—emtrifugal |

— — Centrifugal
mag bearing

0%

20% 40% 60% 80% 100%

High performance centrifugal chillers 12/17 28/34

14
12
—+— Centrifugal
mag bearing
—B— Centrifugal
— — Centrifugal
4 mag bearing
2
0 T T T T
0% 20% 40% 60% 80% 100%
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dronic Radiant Cooli P
Supply - Return Temperature Drop il s i 28
12
~—Modeled CHW Delta T-55°F CHW ~ —Modeled CHW Delta T - 65 °F CHW
45| ~—Modeled CHW Delta T - 70 °F CHW CHW Supply and Zone Temps
Slab Temp - 55 °F CHW —Modeled Zone Temp - 55 °F CHW
Slab Temp - 65 °F CHW —Modeled Zone Temp - 65 °F CHW
E 8 i Slab Temp - 70 °F CHW ~—Modeled Zone Temp - 70 °F CHW
x | \’/—~
£
§ > o Nl
< . el
2 e
0 L
s s = = s s = = = = = = =
< << << < << a a o a. a a < =4
8 8 8 8 8 8 8 8 8 8 8 8 8
~ < o 0 S ': ~ < (te} 0 2 a o~ )
Date & Time N s 3 § § f  E §E 3 3
8 8 8 8 8 8 8 8 8 8
Figure 11: Sensitivity of Heat Extraction from Slab to CHW Supply Temp o9 o W o W w5 N A
Date & Time

ity of Zone Temperature to CHW Supply Temp

2013 California Building Energy Efficiency Standards April 2011
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Radiant
cooling room

" plan 1:50

(a) Configuration of the experimental room

©2014 Engineering and Technology Publishing
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IV RESULTS AND DISCUSSIONS

This experiment was chosen to present in hot and
humid period of 3-4 April 2013. The experiment
conducted for a room with nighttime function (bedroom)
and start at 17.00-06.00 in the moming. The activity of
human in the room was assumed sleeping. The primary
aims were to compare energy consumption of air
conditioning room and radiant cooling room and show
thermal comfort could be achieved in the both room. The
calculation in the above section was performed to

produce results for comparison.

L)
80
”

i n B
5 l b 2
g IR e e T ;
fiV————————————— . §
2 SIPIPPIPP SIS 888 3
it TR A e o, &
Figure 3. Measurements results of temperatures of radiant cooling .
£ ) room. liant
Cooling for Residential Building in a Tropical
Climate

5. Wongkee, S. Chirarattananon, and P. Chaiwiwatworakul
The Joimnt Graduate School of Energy and Environment, King Mongkut's Umversity of Technology Thonburi, 126
Pracha-Uthit Road, Bangmod, Tungkru, Bangkok 10140 Thailand.
n_satinee@hotmail.com; surapong@jgsee kmutt.ac.th; pipat_chi@jgsee kmutt.ac.th
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ASHRAE - WI - Application of Hydronic Radiant and Beam
Systems 14MAY10.pdf

Panel research started in ~90 years ago

Introduction

THE GOAL

e Reduce energy consumption
* Maintain thermal comfort

100% Peak Power

[
18.8%

Load from Lights

93% 0 Airt

34.4% Other Loads

Conventional Radiant Cooling
HVAC System HVAC System




Lawrence Berkel
1 Cyclotron Road Berkel

Development of a Mq
Performance of H
Cooling (

Corina £
Helmut E.
Energy Performance o

Indo-Swiss Buildi
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temperature [C]

a ] a0 ed 80 1060 128 140 140 184

time [h]
Figure 9. Average air temperature in the DOW-Chemical test reom

The simulation results for the room air show good waith the air lems
perature measured at 1.1 m above the floor. The last day presents the highest discrepancy,
in that the simulated time of the peak temperature occurs about 4 howrs eardier than the
time of the measured peak. This might be due w a di ‘between the simul

Approach and Mode! Evaluation 14
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5.0

temperature [C]

21.0 T T T T T T T T
o 20 40 60 Bo 160 120 140 160 1BD

time [h]

Figure 1. Cooled ceiling surface temperature in the OW-Chemical fest
reom

The last 2 days present, again, the highest discrepancy, which might be due to a diffensnce
‘between the modeled and the real blinds operation.

Approach and Mode] Evaluation 15
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oW WER SR
o, | cRoE

Figure 3b Home radiant tubing layout.
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57.7%

1.5%—Pumps
7.5%
9.4%

1.9%

34.4%

\
Conventional
HVAC System

Radiant Cooling
HVAC system

Comparison of electrical peak power load for conventional systems and radiant cooling
systems (percentages are relative to overall peak power for the conventional system).

Indo-Swiss Building Energy Efficiency Project
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CALIFORNIA ENERGY
COMMISSION

TECHNICAL REPORT

October 2003

- SAA RS AAS A4a
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Chapter 2
PRESENT STATE OF KNOWLEDGE ABOUT

RADIANT COOLING SYSTEMS
2.1 All-Air Systems vs. Radiant Cooling Systems

38
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OPERATION AND CONTROL OF ACTIVATED SLAB HEATING AND
COOLING SYSTEMS

Bjarme W. Olesen, Ph.D.
Wirsbo-VELTA, Norderstedt, Germany

Francesco Curro Dossi
Velta-ltalia, Terlan, Italy
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o] s for ec ogies — . inki, - une
9" REHVA World Congress for Building Technologies — CLIMA 2007, Helsinki, 10% - 14* June 2007

CONTROL OF THERMALLY ACTIVATED BUILDING SYSTEMS
Markus Gwerder', Jiirg Todtli', Beat Lehmann®, Franz Renggli', Viktor Dorer”

'Siemens Switzerland Inc., Building Technologies Group, Zug, Switzerland
*Swiss Federal Laboratories for Materials Testing and Research, Duebendorf, Switzerland

Corresponding email: markus.gwerder@siemens.com
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Indo-Swiss Buildin

Figure 1: Peak power demand for conventional and radiant cooling

The hydroenic radiant cooling system reduces peak power demand by pumping chilled water
to provide radiant cooling, rather than by blowing chilled air. Note thar the cooling load
from lights decreases because the radiant system’s 100 percent ourside air ventilation directly
vents half of the lights” heat to the ourdoors. In conventional buildings, most of that heat
stays in the building with recirculating supply air.

Chiller
625%

RADIANT COOLING

Energy Efficiency Project

100% peak power

Fanand

L B11%

Load fromlights ==/~

94

33% N Air ransport load-— [ | o0,
4% 34.4%

Conventional Radiant cooling

HVAC system HVAC system
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Issue 85» March 2012

RADIANT HEATING AND COOLING
A Holistic Approach to Energy Efficiency

Introduction

compared to traditional forced air systems for several reasons. But
let’s start at the building occupant since their comfort is one of the
main reasons we have the built environment.

Rad;ant heating and cooling systems are more energy efficient

Thermal Comfort Benefit

There are six primary factors that affect thermal comfort (see Figure 1).
The use of a radiant heating and cooling system has an effect on the
radiant temperature, and air speed which can allow for a wider range for
the temperature set point of the space. Instead of a seasonal temperature
range of 72°F to 76°F with traditional forced air systems a radiant system
could provide thermal comfort with a seasonal temperature range of 68°F
to 80°F. This wider temperature range reduces the associated heating
and cooling energy needed which equates to annual energy savings.
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Design and Control of Hydronic Radiant Cooling Systems

By

Jingjuan Feng

A dissertation submitted in partial satisfaction of the
requirements for the degree of
Doctor of Philosophy
in
Architecture
in the
Graduate Division
of the

University of California, Berkeley

Committee in charge:

Professor Stefano Schiavon, Chair
Professor Gail Brager
Professor Edward Arens
Professor Francesco Borrelli

Spring 2014
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ProRadiant Heating and Cooling
Design Manual 2015
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|. BACKGROUND RADIANT COOLING RESEARCH SCOPING STUDY

1.1 OBJECTIVE

The objective of this project is to charactengi the opportunities and limitations of radiant cooling
strategies for North America and identify research needs that CBE might most effectively address.
Based on literature, case studies, and interviews with experienced designers, CBE has set out to
determine the focus of radiant cooling research that will best address shortcomings of industry
resources and thus provide the most benefit to CBE partners.
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Using Embedded Tube Radiant Cooling
Systems to Maximize LEED Points
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