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OBJECTIVES

• Numerical simulation of the University Campus thermal

response.

• Application in the University of Algarve.

• Evaluation of environmental variables, thermal comfort level

and consumption level.



NUMERICAL MODEL

• Integral energy balance equation (spaces, transparente and opaque bodies,

occupants and others):

• Integral mass balance equation (air, water vapour, carbon dioxide and

others):
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NUMERICAL MODEL

INPUT:

 Geometry (building and surroundings);

 Materials used;

 Building and its materials thermal properties;

 External geographical and environmental conditions: insolation, Tair, RH, Vair, D, etc.;

 Occupation cycle and occupant clothing and activity level.

 Ventilation topologies.

OUTPUT:

 Solar radiation;

 Tair, RHair, Vair, MRT;

 CO2;

 Thermal comfort and air quality;

 Comsumption level.

RESOLUTION PROCESS: Runge-Kutta-Fehlberg method with error control.

Imput and output data.



THERMAL COMFORT INDEXES

𝑷𝑴𝑽 =  𝟎, 𝟑𝟎𝟑𝒆−𝟎,𝟎𝟑𝟔𝑴 + 𝟎, 𝟎𝟐𝟖 

×   𝑴 − 𝑾 − 𝟑, 𝟎𝟓 ∙ 𝟏𝟎−𝟑

∙  𝟓𝟕𝟑𝟑 − 𝟔, 𝟗𝟗 𝑴 − 𝑾 − 𝒑𝒂 

− 𝟎, 𝟒𝟐  𝑴 − 𝑾 − 𝟓𝟖, 𝟏𝟓 − 𝟏, 𝟕 ∙ 𝟏𝟎−𝟓𝑴

∙  𝟓𝟖𝟔𝟕 − 𝒑𝒂 − 𝟎, 𝟎𝟎𝟏𝟒𝑴×  𝟑𝟒 − 𝑻𝒂 

− 𝟑, 𝟗𝟔 ∙ 𝟏𝟎−𝟖𝒇𝒄𝒍  𝑻𝒄𝒍 + 𝟐𝟕𝟑 𝟒 −  𝑴𝑹𝑻 + 𝟐𝟕𝟑 𝟒 

− 𝒇𝒄𝒍𝒉𝒄 ×  𝑻𝒄𝒍 − 𝑻𝒂   
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NUMERICAL METHODOLOGY

Campus da Penha, Faro.



NUMERICAL METHODOLOGY

Campus de Gambelas, Faro.



NUMERICAL METHODOLOGY

University building identification (Campus de Gambelas, Faro).

Constitution:

• 4 floors with an area of 14000 m2;

• 344 compartments;

• 171 compartment equipped with

HVAC systems (occupied spaces).



NUMERICAL METHODOLOGY

 Winter and Summer conditions.

 Activity level: 1.2 met.

 Clothing level: 0.5 clo (summer) e 1 clo (winter).

 Occupation cycle (number of occupants per room during each time period):

Input data.
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Spaces

23 0 50 0 50 0 0 0 50 0 50 0 50 0 0 0

108 0 35 35 35 35 35 35 35 35 35 35 35 35 35 0

313 0 45 0 45 0 0 0 45 0 45 0 0 0 0 0



RESULTS

Evolution of indoor air temperature, Tair, with and without HVAC system.

Winter conditions Summer conditions



RESULTS

Evolution of mean radiant temperature, MRT, with and without HVAC system.

Winter conditions Summer conditions



RESULTS

Evolution of air relative humidity, RH, with and without HVAC system.

Winter conditions Summer conditions



RESULTS

Evolution of air velocity, Vair, with HVAC system.

Winter conditions Summer conditions



RESULTS

Evolution of PMV index with and without HVAC system.

Winter conditions Summer conditions



RESULTS

Evolution of consumption level with and without HVAC system.

Winter conditions Summer conditions



 When the PMV control is on, in general, the compartments are

comfortable according to category C (ISO 7730).

 When the PMV control is on, the indoor air temperature values change

between 20º (winter) and 25ºC (summer), which are in accordance with

the Portuguese standard.

 When the PMV control is on, the consumption level in summer is higher

than in winter conditions.

CONCLUSIONS


