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Max. - Min. surface temperatures

Heating Perimeter

Cooling

COOLING CAPACITY

Cooling capacity in W/m>?for the following example
17 mm PEX-pipe

+ 45mm concrete above pipes
+  Concrete ~ 1,2 W/imK

+  Space temperature 26°C

« Supply water temperature 14 °C
« Return water temperature 19 °C

EMBEDDED PIPE SYSTEMS

SURFACE HEATING AND COOLING
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RADIANT FLOOR COOLING COMFORI-PERFORMANCE

No cooling - decreased performance
Low energy costs
Low operation costs

Constant temperature

High energy costs
High operation costs

Temperature ramps
Reasonable energy costs

Low operation costs

COMFORT-PERFORMANCE THERMAL COMFORT

OPERATIVE TEMPERATURE
People -0,5< PMV < +0,5; PPD < 10 %

SPACES WITH MAINLY SEDENTARY
Energy OCCUPANTS :
— SUMMER CLOTHING 0,5 clo
— ACTIVITY LEVEL 1,2 met

23°C <t, <26 °C.

COMFORT CRITERIA Definition of comfort conditions according to

DIN 1946
EN-ISO 7730 _ p—
CR 1752 T T 111 1]
LLETE LTI

Allowed temperatures

-

Class Comfort requirements Temperature range
PPD PMV Winter Summer
1.0clo 1.2 0.5clo 1.2
met met

Optimal range >
i [ATA A PR
E———
== —
: Allowed H—’
<10 -0.5<PMV<+0.5 20-24 23.0-26.0 temperatures

|
3
<15 -0.7 <PMV < + 0.7 19-25 22.0-27.0 2 .ZI. T 0 I Wl W
Aulieniufttemperatur —=

(U] el °cl
<6 0.2<PMV<+0.2 21-23 23.5:25.5

operafive Raumtemperatur -




Airport Bangkok Airport Bangkok
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= thermal comfort improved
= IR enaergy transport minimized
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=G~ Total Sensible + Latant Load

realistic

SBIA Terminal Building
Cooling loads for Terminal Building

~O~Total Sensible Cooling Load
—#—Floor Cooling Fluid
——Sensible Cooling Recirculating Air
—0—Sensible Cooling Supply Air
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MNEW BANGKOK INTERMATIONAL AIRPORT

Original Concept

supply air
Intent
39.3 GWhia
supply air
sensible
28 GWhia
carculating
air sensible
206 GWhia
total load: 275 GWh/a
739 kWhi/m’a

ic | D15

Comparison of Cooling loads entire Airport

Optimized Concept

38.3 GWh
P Auid
77.2 GWhia
supply air
sensible
29 GWhia

total load: 191 GWh/a
513 kWh/m*a

Optimized energy concept concourses

fritted glass

solar low-e coating
reflection
60%

transmission

reduced long wave radiation
3,5%

Tai= 24°C
Toperative™ 27°C

Airport Bangkok

OPEN AIR THEATER BREGENZ




OPEN AIR THEATER BREGENZ

OPEN AIR THEATER BREGENZ

to DIN 1946
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CONCRETE SLAB COOLING/HEATING

Floor
Insulation

Concrete

Reinforcemet




ULATED TEMPERATURES CALCULATED TEMPERATURES
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Calculated cooling-heating capacity

CALCULATED TEMPERATURES Supply water temperature:

Return water temperature:
Space temperature:

Floor  : v 5 Wim?
Ceiling 39 14 W/m?
Totat: 48 W/m? 19 W/m?
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Ceiling 7 2 16 Wim?
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CONCRETE SLAB CONCRETE SLAB
COOLING/HEATING COOLING/HEATING

 Building requirements Heating and cooling of multi-storey

—Well insulated buildings
—Window U-values < 1,2 W/im2K Offices, schools, commercial buildings

— Solar shielding Heat storage/transfer between day and

night
— i ~30- 2
Cooling load ~30-50 W/m Heat transfer between south and north
—Heat load <20 W/m2 only system facing rooms ?
— 20 W/m? < Heat load < 30 W/m? optimal control Use of dynamic computer simulations ?

— 30 W/m2 < Heat load , additional system




COMPUTER-SIMULATION T COMPUTER-
§ S i i SIMULATION
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CONTROL OF A COMBINED FLOOR HEATING-
COMPUTER- COOLING SYSTEM
SIMULATION ti:m;;;""-1
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Mixing valve

Chiller

i'"' Boiler _q
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Regelstrategio A Regolstratogio B

Verst iechie Car_leime West, airwr Dt sclvmese
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Operation time
Mai to September ART MUSEUM
TN T A BREGENZ

Operation 24 hours 18 -6 22-6
0905 0901 0902

@ % % %

Temperature <20 0,0 0,0 0,0

interval . . ”

20-22 11,3 39 1,8

22-25 88,0 87,6 91,6

25-26 0,7 6,3 5,1

26-27 0,0 1,7 1,3

>27 0,0 0,5 0,1

Bumblining 1217 515 412
% 33 14 11




aows = ART MUSEUM
ART MUSEUM IN BREGENZ — ) BREGENZ

Design requirements W 3.750 m? floor area
— Air temperature variations during a day within 4 K 4.725 m?2 embedded pipes
— Relative humidity variations less than 6 % during a day. . Condensing boiler
— Seasonal variations between 48 and 58 % 48 - Ventilation 750 m3/h per floor (first
— Room temperature in winter 18 °C to 22 °C o | design was 25.000 m%h
— Room temperature in summer 22 °C to 26 °C, occasional up to 28 °C
Design load 250 persons pr. day, 2 hours
Displacement ventilation < 0,2 h-1
Floor area 2.800 m?, 4 floors
28.000 m plastic pipes embedded in walls and floor slabs

ART MUSEUM IN BREGENZ

MUSEUM
BREGENZ

Z3

Cold- Gas-
water boiler
storage

14°

ART MUSEUM BREGENZ - P~ Office building
Measurements ‘ Stuttgart

1998

— rF-5min-mean = p 11.000 m*

V230 500-1G 2 i ! : S 3-4 floors

- & Operable windows
Co-generation

Solar collectors
Absorption cooling

Free cooling
Compressor cooling
Displacement ventilation




Displacement ventilation
H Air supply

Integrated convector for heating
Haizen

Kahlen

Technische Daten

Definition [3Ronre| 1 Rohr

Wasser-Voriaufternperatur 7 75
Wasser-Volumenstrom 100 100
L 150 | 150

A-bewerteter Schalleistungspege! in dB{A) 25 | 25
Gesamt-Druckveriust (Zulufi) P, in Pa <20 | <20
inms 015 | 0,15

Abstand inm s15 (<15
Leistung inwim | so0 | aso

Data tranlsmjssm

Air temperature sensor

Operative temperature sensor —7— ~

Stuttgart

e p— —

Data transmission

Temparatr (C]




Stuttgart

Stuttgart 24.07. - 28.07, 2000

——OT-Operative Biro & Stock Fenster0st ——FiFione 4. Stock Ruckiaul
——0-Operatv Biro 5. Stock Fenster-West —06.Operatie Blro 5. Stock Fensiar-Ost

Temperatur ['C]
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STUTTGART

BUILDING 3

@ 4th floor window west
O 5th floor window east
O all offices except middle

@ 4th floor window south M 5th floor window west
B 5th floor middle B meeting room

change in operative temperature during a day|

.lﬂ

(34) (4-5)

Transportation of modules

BUILDING 3

@ 4th floor window west @ 4th floor window south m5th floor window west
@ 5th floor window east W 5th floor middle B meeting room
Dlall offices except middie
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Office building in Hamburg

2000

14.000 m?

7.500 m? slab cooling
Baseboard heaters

2 ach, 18 °C
Operable windows




INSTALLATION

PRE- PRE-FABRICATION
FABRICATION

CONCLUSIONS

» Hydraulic heating/cooling system with pipes
embedded in the building structure is an
interesting alternative to full air conditioning

— High temperature cooling-low temperature heating
— No noise

— No draught

— Low installation and running costs

— Lower peak load and reduced equipment size

— Lower building height

— Combined with mechanical ventilation

— Reduced capacity?

— Acoustic?

— Latent load?




