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Research and developmental works include

• A model of gaseous and adsorbed pollutant transport through building 
envelopes

• A one-way coupled model of airflow effects on the heat, moisture and 
pollutant transport

• A database of material properties for heat and moisture and for 
volatile organic compounds

Outcome of a joint effort between

• Building Energy and Environmental Systems Laboratory (BEESL) @ 
Syracuse University, U.S.A. 

• Institute for Building Climatology (IBK) @ University of Technology 
Dresden (TUD), Germany 

Used for analysis and prediction of

• Hygrothermal performance of building enclosures

• Impact of outdoor climate and pollution on indoor environment

• Impact of VOC emissions from building materials and indoor 
furnishings on indoor air quality

• Efficient solver for integration of ordinary differential equation systems 
(CVODE, LNLL)

• Small-scale environmental chamber experiments to determine the 
material properties

• Full-scale experiments, coupled indoor/outdoor environmental 
simulator (C-I/O-ES) for model validations

CHAMPS-BES is a software tool for free non-commercial use. Its user community includes research institutes and consulting companies.

Acknowledgement: The CHAMPS-BES program has been developed during 2004-2006 with funding support from research grants from U.S. Environmental Protection Agency, U.S. 
Department of Energy, U.S. Department of Agriculture’s Forest Product Laboratory, Syracuse Center of Excellence in Environmental and Energy Systems, EQS-STAR Center / New York 
State Office of Science, Technology and Academic Research, and Syracuse University.

Coupled Heat, Air, Moisture and Pollutant 
Simulation in Building Envelope Systems

Contact: jgrunewa@syr.edu
http://beesl.syr.edu/champs.htm
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Heat, Air and Moisture Performance of Building Envelope Systems
Computer modelling of air leakage effects of lightweight wall constructions

DELPHIN 4
©2006 by John Grunewald, Department of Mechanical and Aerospace Engineering, Syracuse University 

Heat, Air and Moisture Performance of Building Envelope Systems
Computer modelling of air leakage effects of lightweight wall constructions

DELPHIN 4DELPHIN 4
©2006 by John Grunewald, Department of Mechanical and Aerospace Engineering, Syracuse University 

                       Exfiltration  Relative Humidity in % 120 [h]
                  0.00            0.01            0.10            1.00            10.0            50.0 m3/h

Location in [mm]
10009008007006005004003002001000

Lo
ca

tio
n 

in
 [m

m
]

2250

2000

1750

1500

1250

1000

750

500

250

0

90
88
86
84
82
80
78
76
74
72
70
68
66
64
62
60
58
56
54
52

Heat, Air and Moisture Performance of Building Envelope Systems
Computer modelling of air leakage effects of lightweight wall constructions

DELPHIN 4
©2006 by John Grunewald, Department of Mechanical and Aerospace Engineering, Syracuse University 

Heat, Air and Moisture Performance of Building Envelope Systems
Computer modelling of air leakage effects of lightweight wall constructions

DELPHIN 4DELPHIN 4
©2006 by John Grunewald, Department of Mechanical and Aerospace Engineering, Syracuse University 

                       Exfiltration  Temperature in °C 120 [h]
                  0.00            0.01            0.10            1.00            10.0            50.0 m3/h

Location in [mm]
10009008007006005004003002001000

Lo
ca

tio
n 

in
 [m

m
]

2250

2000

1750

1500

1250

1000

750

500

250

0

20
19.5

19
18.5

18
17.5

17
16.5

16
15.5

15
14.5

14
13.5

13
12.5

12
11.5

11
10.5

bottom

air flow + VOC

top

air flow

inside

T = 20 °C

RH = 50 %

Relative humidity
Wind
Rain
Cloudiness

Temperature 
Short wave radiation
Long wave radiation

Existing construction, Water content in Vol%

15 14.5 14 13.5 13 12.5 12 11.5 11 10.5 10
9.5 9 8.5 8 7.5 7 6.5 6 5.5 5 4.5

4 3.5 3 2.5 2 1.5 1 0.5

Location in [mm]
6005004003002001000

Lo
ca

tio
n 

in
 [m

m
]

250

200

150

100

50

0

Cellular glass, Water content in Vol%

15 14.5 14 13.5 13 12.5 12 11.5 11 10.5 10
9.5 9 8.5 8 7.5 7 6.5 6 5.5 5 4.5

4 3.5 3 2.5 2 1.5 1 0.5

Location in [mm]
6005004003002001000

Lo
ca

tio
n 

in
 [m

m
]

250

200

150

100

50

0

Calcium silicate, Water content in Vol% 1820 [d]

15 14.5 14 13.5 13 12.5 12 11.5 11 10.5 10
9.5 9 8.5 8 7.5 7 6.5 6 5.5 5 4.5

4 3.5 3 2.5 2 1.5 1 0.5

Location in [mm]
6005004003002001000

Lo
ca

tio
n 

in
 [m

m
]

250

200

150

100

50

0

bottom wood plate

mineral wool

air flow

bottom wood plate

mineral wool

air flow


